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ABSTRACT  .  ^ 
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landscapes);  apd  drawing  and  production  (perspective,  visual 
communication,  and  reproduction  methods  and  processes).  The  volumes 
are  divided  into  several  chapters.  Each  chapter  is  organized  around 
criterion-based  learning  objectives  accompanied  by  readings, 
criterion  test  items, 'and  answers  to  thd  items.  Also  provided  is  a 
volume  review  exercise  with  questions  keyed  to  the  objectives. 
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an  aclivily  lo  increase  the  accessibility  of 
fTjihlary-developed  curriculum  materials  lo 
vocational  and  technical  educators. 

This*project,  funded  by  the  U.S.  OMice  of 
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form  from  the  Coast  Guard,  Air  Force,  ' 
Apuy,  Marme  Corps  and  Navy. 

*  -* 

Acc(^ss  to  military  cyrrit:uluni  materials  is 
prpvidec)  through  a  "Joint  MemorandilTm  of 
Understanding"  between  the  U.S.  Office  of* 

Education  and  the  Department  of  Defense. 

•     ^  J 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses' 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  fof-4issemination. 


The  National  Center  for  *  Res 
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g^iides,  student  wqrkbooks  apid  technical 
manuals.   .  * 
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'  ^Course  O^scripttdn 


This  course  wds  designed  to  upgrade  an  Apprentice  isecpi-sktlied)  Graphics  person  to  a  Specialist  (skilled)  Gi dphics  person.  The  course  covei  s  basic 
drift ing'techniqdes,  drawing  and  production.  The  duties  of  a  Graphics  Specialist  are  as  follows.    '  • 

\ 

*  Plans  and  prepares  graphics  and  drawings 

*  Operates  special  graphic  equipment  ^ 

*  Prepares  medical  illustrations 

*  Supervises  graphics  personnef  ** 

TbiS  course  is  divided  mto  ftve  volumes  each  containing  several  chapters.  Each  chapter  ts  oiganized  ar^uund  chtenon  learning  objectives  accumpanted  by 
readings,  criterion  test  aems,  and  answers  to  the  aems«  A  volume  review  exercise  with  questions  keyed  lO  the  objectives  is  4iso  aidiiabie,  but  the  answets 
^aro  not  included.  Some  of  the  chapters  were  deleted  because  they  referred  to  specific  military  procedures  or  organizations.  / 


Volume  1 


Volume  2 


Volume  3 


Volume  4  - 


FandBmtntBts  of  Graphics  provides  an  overview  of  graphic  equipment  and  material,  the  fundamentals  of  ieitermg,  and  the 
techniques  of  line  and  tone  media:  Three  chapters  dealing  with  career  ladder  progression,  security,  and  SuperviSiork'and 
training  were  deleted.  f 

Applied  Banc  Drafting  Techrjiques  (Part  I)  discusses  geometric  and  graphic  constiuction.  section  views,  dimensioning,  and 
projections. 

Applied  Basic  Drafting  Techniques  (Part  U)  covei^  machine  drawings  winter  sections  and  developments,  and  structuial 
drafting. 

(  '  . 

Basic  Drawing  explains  basic  form  Jay  out  and  composition,  human  form,  cartoons  dnd  caricatures,  and  landscapes.  A 
supplement  containing  foldouts  for  study  accompanied  this  volume. 


Volume  5     —       Drawing  and  Production  discusses  perspective,  visual  communication,  and  reproduction  methods  and  processes. 

Thi^  course  is  designed  to  go  beyond  the  basic  drafting  techniques  and  provide  the  student  with  expei leriue  ii>  drawing,  uomposiiiun,  and  leproductiun 
techmqi^  tt  is  designed  for  student  self-study  and  evaluation,  but  would  be  best  used  >n  conjunction  with  a  studiO  or  orv  ihe  )Ob  learning  situation 
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Preface 


YOUR  TRAINING  consists  of  obtaining  information  and  developing  the 
skills  to  become  a  paphics  sp&ialist.  This  information  can  be  obtained  by 
studying  this  Career  Development  Course  (CDC),  which  covers 
fundamentals,  princil)les,...theory,  and  concepts  associated  with  the  graphK^ 
specialty.  This  CPC  U  composed  of  five  volumes  and  a  supplement  deagned 
tobring  you  to  foe  5  skill  level.  Intensive  study  of  these  volumes  provide,  the 
necess^  information  to  reach  the  5  skiU  level.  A  CDC  cannot  provide  the 
necessary  drawing  practice  that  is  required  to  reach  any  skill  level,  so  time 
must  6e  provided  by  your  trainer. 

The  behavioral  objectives  contained  herein  are  designed  to  help  you 
understand  what  the  subjects  are  all  about.  Studying  the  text^d  achievmg 
the  objectives  wiU  give  you  the  fundamental  knowledge  needed  to  •  perform 
as  a  graphics  specialist  Guided  by  the  behavioral  objectives,  answer  all  of  the 
exercises  for  each  chapter.  Then,  refer  to  the  answer  section  m  the  back  of 
the  volume  and  check  your  answers. 

If  you  have  questions  on  the  accuracy  or  currency  §f  the  subject  matterof 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng 
Cen/TTOC,  Lowry  AFB  CO  80230.     '  . 

If  you  have  questions  on  course  enroUment  or  admuHstrabon,  or  on  any 
of  ECI's  instructional  aids  (Your  Key  to  Career  Development,  Behavioral 
Objective  Exercises,  Volume  Review  Exercise,  and  Course  Examination), 
consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate  If  he 
can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFS  AL  36118, 
preferably  on  ECI  Form  17,  Student  Request  for  Assistancer 
This  volume  is  valued  at  21  hours  (7  points). 

Material  in  this  v^ume  is  technicaUy  accurate,  adequate,  and  current  as  ol 
November  1974°. 
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.Equipment  ^nd  Material  (Basic) 


MANY  OF  THE  proBlems  today  arb  calised ' 
by  a  "Lack  of  Commumcation/*-  Word 
languages  are  highly  sophisticate<l  systems  df 
Communication^  but  they  are  still  inade^qate 
in  many  instancy/  ^specially  when  describing 
physical  things.  Drawing  is  a  ^phic  language 
that  communicates  in  the  universal  tongue  of 
art.  It  is  a  language  that  expresses  and  cQhveys 
ideas  of  shj^e,  size,  and  construction.  As  with 
any  form  of  communication,  the  tool^  of  the 
trade  are  yo\ir  mpst  important  asset  •THe<^se 
and  care  of  thi$  eqiupment  is  vital  to  the 
graphics  specialist,  for  it  is  his  voice  in  the  ^ 
universal  language  of  art. 


Each  instrument  and  piece  of  equipment 
was  designed  to  do  a  particular  job.  Learn 
what  that  job  is,  'and  (ixse  your  tools 
accordingly.  Most  good  equipment  can  be 
kept  clean  .  with  mere  soap  and  -water, 
although  some  equipment  may  require  special 
solvents  for  cleaning. 


Exercise  (035):  .  '  ^ 

1.  List  two  of  tl^e  four  rules  for  equipment 
care.  '  ^ 


4-1*  Care  of  Eqiupment  * 

Equipment  care*  is  the  first  onter  <ot 
business  with  £a:^y  graphics  specialist. 
Eqiupment  well  cared  for  denotes  a  person 
who  does  or  lias  the  potential  of  doing 
exjceptidnal  work.  Few  workers  €m  do'a  good 
job  with  poor  or  badly  misused  equipment, 
apd  the  graphics  specialist  i)5  no  exception. 
Giving  a, poor  craftsman'  the  best  equipment ' 
in  the  world  will  not  appreciably 'improve  his 
work.  A  good  craftsman,  .however,  w^ 
usually  produce  better^  ^ork  if  his  equipment 
is  Virell  cared,  for.      *  i  "  . 


4-2.  Use  of  Equipment     ^  . 

As  was  state«ef ore,  most  instrument^  an{J,  * 
pieces   of  equipment  are  designed  for 
•specific  purpose  in  a  particular  place.  So  let's 
begin  this  dis^cussion  with  the'place  where  the 
equipment  is  to  be  used.  '  ' 


'P36.  Identify  the  element?  to  be  considejed 
for  a  well  orgaxiized  work  area.  ' 


036.  State  the  rules  for  proper  equipmeht 


care. 


Rules  to  Observe-  These  rules  are; 

(1)  Have  a  place  for  ^ach  piece,  of 
equipn^ent  and  keep  it  there  when  not  in  use. 

(2)  Keep  all  instruments  used  to  dispense 
ink  or  other  liquid  me^  CLEAN. 

(3)  Never  expose  my  pointed  equipment 
to  the  possibility  of  point  damage.      '  • 

(4)  Never  use  ''any  instrurtient  Sox  any 
purpose  except  that  for  which  it  was 
designed.  •  .      ,  * 


Your  Wprk  Area  Your  woi'k  area  is  usually 
very  simple:  All  tljat  is  needed  is  a  drawing 
table;  a  drawing  'dhair  or  stool,  and  a  tabouret 
for  storing  materials  and  drawings.  For, the 
best  results  you  should  arrange  your 
equipment  f6f  maximum  comfort.  Some  of 
the  things  '  that/ will  contribute  to  that'ar^ 
ventilation  'and  lighting.      ' ' 

Ventilation,  /Your,  area  should  be  well 
ventilated.  If  the  room  is^  stuify  you  may 
become  drowsy, 'hot  and  tired;  and  irri^le. 
These  feelings  invariably  show  up  in  your 
work,  so  keep  tjie  t€^mperature  slightly  cool, 
and  the  feeling  will  be  OOOL. 
'Lighting.  SirtCQ  you  use  your  eyes  almost 

44  '      ^  '      '   *  '  )* 


Figurt  4-1.  Drawing  Ubl«. 


constantiy  on  work  which  must  be  accurately 
and  carefully  executed,  you  want  your 
working  area  to  be  well' lighted.  Natural  light 
is  best  buC  this  situation  is  rare.  For  best 
results  the  light  source  should  come  over  your 
Jeft  shoulder  and  from  the. left-front,  if  you 
are  right-handed;  .or  over  the  right  shoulder, 
right-front,  ,if  you  are  left-handed.  This 
eliminates  '  shadows  cast  by  drawing 
instruments  and  your  fiand.  Avoid  glaring 
lights  and  reflections,  as  they  contribute  to 
eyestrain  ♦ 

Drawing  table  and  chair  or  stool  Your 
drawing  table,  similar  to  the  one  shown  in 
figure  4-1,  should  be  adjustable  in  both  height 
and  tilt  of  the  top.  Adjust  the  height  of  the 
table  so  that  if  you  desire  to  work  in  a 
standing  position,  you  can  do  so  without 
stooping  or  holding  your  arms  in  a  slightly 
raised  position.  The  table  top  may  be  left  flat 
or  inclined  according  to  your  preference. 
Your  chair  or  stool  should  be  high  enough  so 
you  can  see  the  whole  drawing  board,  but  not 
so    high    that   you    have   to   lean  over 
uncomfortably  to  draw.  By  ,  shifting  your 
body  or  head  slightly  you  should  be'  able  to 
look  diiectiy  at  any  point  on  a  drawing  sheet 
of  average  size.  That  is,  your  line  of  sight 
should  be  approximately  perRendicular  to  the 
drawing  surface. 

Placement  of  equipment  Before  you  begin 
to  draw,  arrange  your  equipment  in  an 
orderly  manner.  Place  each  article  so  that  you 
can  reach  it  easily,  but  will  not  hit  it  when 
you  use  the  T-square  or  drafting  machine  and 
trangle.  Kefep  your  tools  in  their  proper 
places  when  you  are  not  using  them;  good 
tools  are  expensive  and  easily  damaged.  A 
systematic  arrangement  is  timesaving  and 
efficient-^  and  decreases ''^the  likelihood  of 


accidentally  dropping  or  pushing  something 
off  the  table. 


Exercises  (036): 

1.  What  elements  make  up  a  work  area? 


2.  If  you  are  right-handed,  you  should  arrange 
your  work  area  so  that  the  light  comes 
from  what  direction? 


3.  Why  is*  it  usually  more  convenient  to  use  a 
high  stool  and  a  drawing  table  adjusted  to  a 
high  level,'  rather  than  a  conventional  chair 
and  a  drawing  tMe  adjusted  at  a  low  level? 


4.  Why  should  yow  arrange  your  drawing 
equipment  in*arv  orderly  manner  and  keep 
everything  within  easy  reach  of  your 
working  position? 


T 
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SIZE  A 

SIZE  A 

6  1/2  X  II 

8  1/2  X  II 

SIZE  C 

17  X  22 
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Flgur©  4-2.  Standard  tizet  for  drawing*. 


46 


68     5B     48     38     28      8      HB      F       H  2H 


3H     4H     5H     6H     7H     8H  9H 


Figure  4-3.  Grades  of  drawing  pencils. 


4-3.  Basic  Materials-  ' 

^  The  basic  materials  used  by  the  graphics 
specialist  in  the  preparation  of  art  work 
contain  such  items  as  paper,  pencils,  erasers, 
pen  and  ink,  brushes,  and  other  such  devices 

037.  Explain  the  features  of  drawing  paper, 
drawing  board,  and  p^er  si^es. 


Drawing  Paper,  Drawing  paper  is  one  of  the 
key  ingredients  for  most  illustrations.  It  is  the 
surface  upon  which  most  drawings  are  made 
initiallytTDrawing  paper  is  made  in  a  variety  of  ^ 
qualities  for  various  purposes.  It  may  be  hot 
or  cold  pressed  which  determines  the  surface  { 
finish,  and  can  be  purchased  in  both  roUsftmd 
sheets.  Most  drawing  paper  is  chemically 
treated  so  that  the  colors  will  remain  true 
even  if  constantly  exposed  to  harsh  light.' 

In  general,  paper  should  have  sufficient 
grain  to  take  pencil  or  ink,  and  a  haitJ  surface 
so  that  the  pencU  will  not  groove  it  or  that 
ink  will  not  bleed.  Drawing  paper  must  also 
have  good  erasing  qualities  so  thrft  when  an 
ei^ure  does  occur;  the  surface  of  the  paper  is 
still  smooth  and  hard  enough  to  be  redrawn 
upon.  ^ 

The  Air  Force  fnaihtains  drawing  paper 
standards.  These  sizes  are  based  on  the 
ordinary  commercial  letter  page  dimensions 
t)^8^/4  X  11  inches  as  shown  in  figure  4-2.  This 
8%  X  11  inch  size  can  be  filed  in  a  standard 
letter,  size  filing  cabjlnet.  As  you  can  see  in 


figure  4-2,  a  44-  x  34-inch  drawing  can  be 
folded  into  the  814-  x  11-inch  size  by  tdways 
folding  the  long  side  in  the  miaai^. 

Other  drawing  papers  and  drawing  boards 
can  be  identified  by  their  trade  names,  but 
they  alh»erve  th^  same  purpose.  The  ultimate 
purpose  of  any  drawing  surface  is  to  supply 
othe  artist  with  a  vehicle  whi^  he  or  she  can 
express  ideas  in  any  media  o?  technique  that 
available.  In  many  cases,  drawing  paper  and 
awing  boaidsare  manufactured  for  specific 
edia  or  technique. 

Ti^cing  Paper.  Tracing  paper  is  just' what 
the  name  impliesHt  is  a  natural  (translucent) 
or  transparent  paper  used  to  trace  all  or  parts 
of  drawings  aTid  blueprints  when  reproduction 
is  not  possible  from  the  original.  Tracing 
paper  varies  widely  in  ci)lor,  thickness,  and 
"suriace  qualities.  Therefore,  the  grade  of 
pencil  or  ink  techiiiques  must  be  adjusted  to 
suit  the  paper.  All  paper  has  a  front  and  a 
back.  Most  of  the  time  the  twc5  sides  are  the 
^*ame,  but  with  drawing  paper  you  have  to  be 
careful.  Drawing  oaper  may  havp  a  smooth 
and  a  t^tured  side,  or  a  white  and  an 
^  off-white  side;  the  front  side  is  usually  white 
or  smooth. 


Exercises  (037): 

1.  Why  must  a  drawing 
erasing  qualities?  ^ 


paper  have  good 


Figure  4-4.  Variout  pencil  point  shapes. 
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i'igur«^4-5.  Sanding  pad. 


2.  Why  does  the  Air  Fprce.have  size  standards 
^  for  drawing  paper? 


3.  What  is  tracing  paper? 


038.'  List  characteristics  of  drawing  pencils. 

Drawing  Pencils.  The  selection  of  a  grade  of 
pencil  lead  is  to  some  extent  a  matter  of 
personal  preference.  Special  pencUs.are  used 
for  drawing,  as  illustrated  in  figure  4-3.  Thet$* 
are  18  grades  of  pencU  leads,  17  of  which  are 
shown  in  figure  4-3.  Leads  are  divided  into 
thr^e  general  categories:  hard,  medium,  and 
sofi.  The  breakdown  is  as  follpws: 


9Hto  4H  hard 

3H,  2H,  F,  and  HB  medium 

B  to  7B  soft 


In  general,  the  soft  leads  are  used  more  for 
illustrative-type  drawmgs,  shading,  and 
making  tonal  drawings  in  shades  of  gray. 
Medium  leads  are  used  primarUy  for 
general-purpose  technical  drafting,  tracing, 
and  lettering.  Hard  leads  are  for  graphs,^ 
charts,  or  diagrams  requiring  a  high  degree  of^ 
accuracy. 


More  important  than  the  quality  of  the 
pencil  is  the  condition  of  the  point.  The 
proper  shape  for  a  pencil  point  is  shown  in 
figure  4-4.  The  tapered  wood  portion  should 
be  from  7/8  inch  to      inches  long,  and  3/8 
inch  of  lead  should  be  exposed,  as' shown  in 
part  A.  This  can  be  done  with  a  sharp  knife  or 
razor  blade,  or  by  a  special  pencil  sharpener 
which  cuts  away  only  the  wood  leaving  the 
point,  as  shown  in  part  B.  After  using  either 
of  these  methods,  the  lead  should  be  brought 
to  a  point  by  means  of  a  fUe  or  sandpaper. 
Three  different  points  are  commonly  used. 
For- a  conical  point,  as  shown  in  part  C,  the 
pencil  should  be  rotated  slowly  while  you  rub^ 
it  back  and  forth  on  the  file  or  sandpaper  (see 
fig.  4-5).  The  pencil  should  be  inclined  to  the 
direction  of  motion.  To  produce  the  wedge 
point,  shown  at  E  in  figure  4-4,  the  opposite 
sides  are  ru'bbed  down.  Some  artists  prefer  the 
screwdriver  point  shown  at  D.  This  point 
requires  additional  sanding  at  the  -comers  of 
the  wedge.  The  elliptical  or  bevel  point,  item 
F,  is  made  by  sanding  the  lead  entirely  on  one 
side. ' 

Eatch  type  of  point  is  useful  and  has  certain 
advantages.  The  wedge  point  is  used  for 
4drawing  straight  lines,  since  it  does  not  wear 
down  so  rapidly. ^Its  use,  however,  is  limited 
to  drawing  straight  lines.  The  conical  point  is 
used  for  general-purpose  work  and  for 
lettering  wher^aathin  uniform  line  is  required. 
The  bevel  or  elliptical  point  is  recommended 
for  use  in  the  compass,  as  it  has  the  same 
advantages  there'  as  the  wedge  point  has  for 
drawing  straight  lines.  The  soft  lead  pencils 
with  beveled  points  are  often  used  for 
shading.  -Since  drawing  pencils  wear  away 
rapidly,  you  should  always  keep  a  sandpaper 
pad  handy  to  resharpen  the  lead. 

The  disadvantage  of  u*ing  an  ordinary' 
drawing  pencil  is  that  you  must  take  time  to 
sharpen  it,  and  as  it  becomes  shorter,  it  is 
more  difficult  to  handle.  Semiautomatic  or 
mechanical  pencils,  shown  in  figure  4-6,  do 
not  have  these  disadvantages.  Equipped  with  a 
chuck  to  clamp  and  hold  the  lead,  they  can  be 


mam 


CASTELL  REFILL  PENCIL 


3B 


/U.TENEOER  SINGLE-POINTED  DRAFTSMANS  PENCIL 


ALTEN^OER  DOUBLE -POINTED  DRAFTSMANS  PENCIL 


Figure  4-6.  Mechanical  pencilt. 
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m^^y  adjusted,  the  point  sanded  as  the  lead 
of wooden  pencil,  and  they  maintain  their 
length.  In  addition,  the  entire  lead  can  be 
use^ 

Exe^pises  (038): 

i^WJiat  arc  the  three  general  categories  of 
lead  for  a  drawing  pencil? 


2.  What  are  the  three  different  penqil  point 
types?         ^  '  , 


3.  What  .  is  one  of  the  outstanding 
disadvantages  that  a  wooden  dfawing  pencil 
possesses?  » 


039.  State  the  primary  features'^  of  ruby 
erasers  and  kneaded  erasers. 


Erasing  Equiament  Erasers  and  other 
erasing  equipment  are  important  tools  of  the 
graphics  specialist.  Many  drawings  can  be 
saved  by  a  good  job  of  erasing.  Figure  4-7 
shbw^  some  of  the  erasing  tools  a  specialist 


uses.  Probably  the  most  important  of  these  is 
the  red  ruby  eraser.  It  is  designed  primarily 
for  pencil  corrections,  but  can  also  be  used  to 
remove  ink.  It  will  not  destroy  the  surface  of 
the  paper  if  used  properly,  and  this  is 
especially  important  when  you  need  to  relink 
lines  in  the  erased  area.  If  the  surface  of  the 
paper  is  damaged,  the  ink,  when  it  is 
reapplied,  will  bleed  or  spread  and  nnn  the 
drawing.  Sometimes  you  can  repair  a  damaged 
area  by  burnishing  the  area  with  a  metal 
mstruijent  or  your  fingernail. 

Pencil^  erasers  have  an  advantage  over  those 
you  hold  in  your  finger^  since  there  is  less 
chance  of  getting  oil  from  your  hand  on  the 
erasing  surface.  This  is  also  true  of  the  electric 
eraser  which  has  an  additional  advantage  ofC 
saving  time,  especially  when  considerable 
•erasing  is  required.  Oil  on  the  erasing  surface, 
as  you  probably  *  alrfeady  know,  will  cause 
smiftiging.  * 

When  erasing  in  an  area  containing  many 
lines  that  are  close  together,  you  will  find  an 
erasing  shield  very  useful.  By  placing  the 
shield  over  the  area  so  that  the  line  which  you 
want  to  erase  shows  through  the  appropriate 
opening  in  the  shield,  you  can  erase  the  line 
without  fear  of  damaging  nearby  lines. 

An  art  gum  eraser  is  generally  used  to  clean 
up  large  areas.  This  cleanup  job  should  be.  * 
>done   before  inking,  because  erasing  over* ' 
inked  lines- will  destroy  the  luster  of  the  ink.  ^ 
Deep  black  lines  made  with  a  soft  pencil 
cannot  be  erased  successfully  with  art  gum,  * 
since  soft  pencil  lines  smudge  very  easily.  It  is 
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Fi(jure4-7.  Erasing  equipment. 
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far  better  to  keep  the  drawing  clean  than  to 
try  to  clean  it  with  art  gum  after  it  has  been 
soiled.  The  following  suggestions,  if  observed, 
wUl  help  to  keep  the  drawing  clean: 

•  When -moving  the  T-square,  bear  down 
on  the  head  so  that  the  blade  is  raised  slightly 
from  th^paper. 

•  Your  hands  are  always  somewhat 
oily--keep  them  off  the  paper. 

Use  a  hard  pencil  for  layout  work. 

•  Pick  up  the  triangles  rather  than  slide 
them. 

^ffflishing  a  drawing  with  a  soft 
Br  all  areas,  except  the  one  on 
re  working,  with -a  clean  ^'eet  of 


•  When 
pencil,  co^ 
which  yoi 

paper.  •        .  ' 

•  Blow  graphite  MC^icles,  which  flake  off 
the  soft  pencil,  frornthe  sheet. 

•  Use  a  brush  or  soft  cloth  to  brush  erasing 
crumbs  off  xthe  sheet  rather  than  using  the  flat 
of  your  haild.  ^ 

•  Use  a.haid,  smooth-surfaced  paper  if  this 
is  suitable  for  th*  type  of  drawing  being 
fnade. 


Man^  specialists  also  use  kneaded  erasers. 
These  erasers  are  .made  from»synthetic  rubber 
or  plastic  and  may  be  kneaded  into  a  fine 
point,  or  any  shape  that  is  advantageous  to 
thr^ specialist.  They  have  the  advantage  of 
leMing  few,  if  any,  crumbs  on  the  drawing, 
an<Jircarv  be  used  to  pick  graphite  dust 
rather  thanjto  rub  it  off.  The  kneading  tends 
to  incorporate  the  dust  particles  and  cleans 
the  eraser  at  the  samp  time. 

An  electric  erasing  machine  is  a  timesaver 
when  there  is  much  erasing  to  be  done.  The 
erasing  f machine  is  very  difficult  to  use  on 
paper  without  danfaging  the  surface.  Itslaard 
eraser  tip,  which  rotates  very  rapidly,  will  bite 
•into  most  surfaces  with  any  undue  pressure. 

An  eraser  shield  is  a  small  plate  of  thin 
spring  steel  with  holes  of  various  shapes.  The 
holes  in  the  shield  make  it  possible  to  remove 
unwanted  lines   while  leaving  other  work 


untouched.  Also,  the  sharp  edge  of  the  metal 
cuts  away  the  smudged  exterior  of  the  eraser, 
permitting  a  clean  eraser  tip  to  always  be  on 
the  drawing  surface. 

In  "addition  to  art  gum  erasers,  cleaning 
compound^  include  pulverized  gum  eraser 
particles-  which  may  be  squeezed  from  •  a 
plastic  bottle  or  from  a  cloth  bag.  The 
granules  sift  through  the  bag  as  it  is  rubbed 
over  the  drawing.  The  eraser  pad  is  also 
excellent  for  precleamng^to  prevent  later  soil 
buildup.  f 


fexercises  (039): 

1.  What  fealj^ie  of  the  ruby  eraser  makes  it  an 
important  iiece  of  erasing  equipment? ' 


2.  What   features  does  the  kneaded  eraser 
possess  that  n\akes  it  unique? 


040,  Tell  what  drawing  ink  13,  arid  teU  which' 
kinds^  will  not  reproduce  phptographically. 


Ink.  Drawing  ink  is  finely  ground  carbon  in 
suspension,  with  gum  arabic  added  to  make 
the  mixture  cohesive  and  waterproof. 
Npn^raterproof  ink  flo\ys  ^ore  freely  but 
smudges  easier  than  waterproof  ink.  Ink  can 
be  procured  in  almost  any  color,  but  most  are 
not  adequate* for  reproduction.  Light  blue  and 
white  will  not  reproduce  on  .photo, 
photolithographic  diazo  equipment.  Since  ink 
dries  quickly,  y«u  should  keep  the  stopper  in 
the  bottle  except  when  filling  the  pen  or 
drawing   instrument.   This   cuts  down  on 


FiguM  4-8.  Drawing  board  and  T-«qu«re. 
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EDGE  OF  DRAWING 
BOARD 


PENCIL  MOVES 
LEFT  TO  RIGHT 


Figure  4*9.  Checking  working  edge  of  drawing  board. 

evaporation.  Thickened  ink  is  extremely  hard' 
to  work  with;  if  this  does  happen,  thin  it  with 
a  few  drops  of  water. 

Exercises  (040): 

1.  Drawing  ink  is  made  from  what? 


2.  Which  two  drawii^jwnks  will  not  reproduce 
photographically? 


041.  List  the  graphic  materials  and  tools  that 
are  absolutely  essential  to  general  illustrating. 


Tools.  The  basic  tools  used  by  a  graphic 
specialist  consist  of  a  drawing  board, 
T-square,  triangles,  protractor,  scales,  irregular 
curves,  and  instrument  set.  The  basic 
materials  used  are  pencils,  paper  or  board, 
erasers,  and  inks.  There  are  other  tools  and 
equipment  that  have  special  uses*  We  will 
discuss  these  pieces  of  equipment  when  we 
discus^  the  particular  technique. 

Drawing  board.  The  surface  on  which  a 
graphics  specialist  places  his  drawing  paper 
may  be  a  table  top  or  a  separate  board.  In 
either  case,  the  working  surface  must  be  AM* 
It  should  .be  made  of  well  seasoned,  clear 
wbite  pine  or  basswood  cleated  together  to 
prevent  warping.  The  working  edge,  which  is 
the  edge  contacted  by  the  head  of  a  T-square 
(see  fig.  4-8),  must  be  straight 

You  can  check  the  straightness  of  the 
working  edge  by  placing  a  straightedge  against 
it  and  observing  whether  or  not  the 
straightedge  touches  the  working  edge  at  all 
points.  Figure  4-©  shows  how  this  is  done. 


Figure  4-10.  drawing  a  horizontal  line.  ^  , 

'  ♦  « 

using  the  tested  ^e  of  a  T-square  which  has 
been  found  true.  ^ 

T-square.  This  tool  gets  its  name  from  its 
shape,  which  you  probably  observed  when 
looking  at  figures  4-8  and  4-9,  It  consists  of  a 
blad^  attached  at  one  (end  to  a  shorter 
crosspi3^|^lled  the  head.  As  you  can  see,,  the 
head  is  |^PInted  under  the  blade  so  that  it 
will  fit  against  the  edge  of  the  drawing  board 
while  the  blade  rests^on  the  surface  of  the 
board. 

The  T-square  is  used  for  drawing  horizontal 
lines,  as  shown  in  figure  4-10.  To  use  the 
T-square  for  this  purpose,  first  apply  pressure 
to  the  head  to  hold  it  in  contact  with'  the 
working  edge  of  the  board.  This  keeps  the 
wprking  edge  of  the  blade  perpendicular  to 
the  working  edge  of  the  board.  Next,  slide  the 
T^quare  up  or  down  to  position  its  workmg 
edge  slightly  below  the  point  through  which 
you  want  to  draw  the  line.  Then  hold  the 
head  of  the  T-square  against  the  edge  of  the 
board  as  you  move  the  pencil  along  the 


r 
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Figure  4-11.  Testing  a  T-«quare. 
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^Fiipre  4-12.  SUndard  triangles. 


working  edge  of  the  T-square.  Draw  the  line 
with  the  pencil  tilted  in  the  diie^on  of 
movement /at  an  angle  of  approximateic  60'' 
from  the  s^ace  of  the  paper.  Rotate^he 
pencil  between  your  fingers  as  you  draw  the 
line  so  that  the  lead  wears  evenly  andV^ 
produces  a  Un^  having  the  same  thickness 
throughout  its  length.  Of  course,  to  draw  a 
straight  line,  the  working  edges  of  the 
T-«quare  must  be  straight  and  perpendicular 
to  each  other.  Let, us  see  how  these  conditions 
are  checked. 

.To  test  the  wotking  edge  of  tHe  head,  see  if 
the  T-«quare  "rock^"  when  the  head  is  placed 
against  an  edge  of<,  something  you  know  is 
straight,  such  as  the  working  edge  of  a 
drawing  board  which  has  been  checked  and 
found  true.  If  the  .working  edge  of  the 
T-square  is  not  straight^  remove  the  head  and 
sand  the  edge  until  it  tests  straight.  When  you 
replace  the  Iplade  on  the  head,  you  should  use* 
furniture  glue  in  addition  to  the  screws.  , 

To  test  the  working  edge  of  the  blade,  draw 
a  sharp  line  very  carefully  with  a  hard  pencil, 
using  the  entire  length  of  the' working  edge; 


then  turn  the  T-square  over,  as  shown  .in 
figure  4-11,  and  draw  the  line  again  along  the 
same  edge.  If  the  edge  is  straight,  the  two 
lines  will  coincide  (appear  as  one);  otherwise, 
the  space  between  the  lines  will  be  twice  the 
error  of  the  blade. 

It  is  difficult  to  conect  a  crooked  T-square 
blade.  If  the  error  is  considerable,  it  may  be  ' 
necessary  to  discard  the  T-square  and  obtain 
another.  Howler,  if  the  error  is  slight,  you 
may  be  able  to  straighten^tte  edge  by  sanding 
it  with  fme  sandpaperrw^pped  around  a 
block  of  wood.  \^ 

You  can  check  to  see  if  the  head  and  Wade 
of  a  X-square  are  perpendicular  to  each  other 
by  using  the  90''  angle  of  a  triangle,  which 
you  know  is  true.  If  they  are  not 
perpendicular,  you  will  probably  be  better  off 
if  you  discard  the  T-square  and  obtain  a  new 
one. 

Here  are  some  of  the  rules  about  the  care 
ofia  T-square: 

V  Never  use  the  blade  as  a  guide  for  a  knife 
when  cutting  paper. 

•  To  keep  the  T-square  true,  always  hang 
it  up  by  ^the  hole  located  in  the  end  of  the 
blade  or  l^iy  it  on  a  flat  surface.  ^ 

•  Be  careful  not  to  drop  a  T-square,  as  you 
might  knock  it  out  of  alignment. 

•  Never  use  the  lower  edge  of  the  blade. 

Exercises  (041): 

1.  List  two  of  the  basic  materials  and  four  of 
the  basic  tools  essential  to  general 
illustrating. 


Fiin^re  4-13.  Testing,  triangl^t. 
51 
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PENCIL  MOVES 
FROM  BELOW 
UPWARD 


Figure  4-14.  Drawing  t  vertical  line. 


2.  Of  what  matenal  should  a  well-constmcted 
drawing  board  be  made?  Why?  ' 


3.  How  can  the  working  edge  of  the  T-square 
be  checked? 


042:  State  the  functions  of  the  triangle  and 
protractor. 

Triangles.  Righ^angle  triangles  are  used  in 
conjunction  with  the  T-square  or  straightajige 
to  draw  vertical  or  inclined  lines.  The  t^o 
standard  types,  as  shown  in  figure  4-12,  have 
acute  angles  of  45'- 45'  and  30'- 60". 
Triangles  are  made  of  transparent  plastic  so 
that  lines  of  the  drawing  may  be  seen  through 
them.  Like  a  T-square,  to  be  functional, 
triangles  must  be  accurate.  The  edges  of 
triangles  can  be  tested  for  straightness  by  the 
same  two-point  method  used  to  test  the 
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Figure  4-15.  Using  the  triangle. 
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working  edge  of  the  T-square.  Figure  4-13 
shows  how  to  check  the  angles  of  the 
triangles. 

To  check  the  90*"  angle  oji  either  triangle, 
set  the  triangle  against  the  working  edge  of  a 
T-square  and  draw  a  vertical,  line  through  a 
given  point.  Then  without  moving  the 
T-square,  turji  the  triangle  ove/r  to  position  it 
(see  dotted  outline  in  fig.  4-13,A)  and  draw  a 
second  line  through  the  same  point  using  the 
same  edge.  If  the  two  lines  coincide  or  are 
very  close  together,  the  triangle  is  usable. 

The  45''  angles  may  be  tested  by  drawing  a' 
line  at  a  45*"  angle  to  the  horizontal  and  then 
checking  the  opposite  angle  to  see  if  the  edge 
coincides  with  the  penciljine.  This  process  is 
shown^in  figure  4-13,B. 

You  can  test  the  60''  angle  by  drawing  an 
equilateral  triangle  as  shown  in  figure  4-13,C. 
If  the  triangle  has  equal  sides,  the  60"  angle  is 
correct.  Of  course  if  both  90**  and  60*"  angles 
are  correct,  the  30*"  angle  will  be  correct  also 
since  the  sunv  of  the  an^es  of  a  triangle  is 
180". 

The  method  used  to  draw  vertical  lines  is 
shown  in  figure  4-14.  Notice  that  the  left 
hand  not  only  applies  pressure  to  hold  the 
T-square  in  position  so  that  the  head  is  against 
the  working  edge  of  the  drawing  board,  bui:  is 
also  used  to  hold  the  triangle  against  the 
working  edge  of  the  T-square;  The  right  hand 
moves  the  pencil  along  the  triangle  with  an 
upward  motion. 


You  can  use. triangles  singly,  as  shown  in 
parts  A  and  B  of  figure  4»15,  to  draw  lines  at 
angles  of  30%  45",  60",  and  90"  with  the 
horizontal.  You  can  use  them  in  combination, 
as  shown  in  part  C,  to  draw  lines  at  angles  of 
15°  aijd  75"  wfth  the  horizontal.  Part  D 
shows  the  lines  that .  can  be  drawn  with 
30°- 60"  and  45°  triangles.  Since  all  lines 
should  be  drawn  from  left  to  right  (if  you  are 
right-handed),  lines  sloping  downward  from 
left  to  right  will  ber drawn  with  a  downward 
motioo;  those  sloping  upward  from  left  to 
right  will  be  drawn  with  an  upward  motion.  - 
This  procedure  allows  you  to  see  your  work 
better. 

When  a  line  must  be  drawn  between  two 
points,  a  triangle  may  be  used  for  a 
straightedge  in  place  of  a  T-squjfire.  As  with  a 
T-square,  you  should  be  careful  not  to  let  the 
triangle  Slip  when  using  it  as  a  straightedge. 
The  alignment  of  the  edge  of  the  triangle  with 
the  two  points  may  be  simplified  by  using  the. 
following  procedure: 

•  Place  the  tip  of  your  pencil  on  the  point 
which  is  higher  for  drawing  vertical  lines,  or 
on  the  point  which  is  farther  to  the  right  for 
drawing  horizontal  and  inclined  lines, 

•  Move  the  triangle  up^  against  the  pencil. 

•  Using  the  pencil  as  a' fulcrum,  pivot  the 
triangle  to  align  its  edge  with  the  second 
point. 

Perhaps  the  most  important  use  of  the^ 
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Figure  4-17.  Using  a  protractor. 


ttiangle,  T-6quare  combination,  is  to  draw 
lines  parallel  or  perpendicular  to  ^  given  line* 
Figure  4-16  shows  th^  two  stf^s  of  these 
procedures.  The  procedure  of  drawirig  parallel 
lines  is  shown  in  part  A,  and  the  prc^wlure  of 
drawing  perpendicular  lines  is  sh6wn  ill  part 
B.  In  each  of  these  procedures,  the  first  step 
consists  of  placing  the  triangle  against  the 
T-square  and  moving  them^as  one  until  the 
edge'  of  the  triangle  is  aligned  with  the  given  • 
line.  Then  in  the  next  step,  while  holding  the 
T-square  stationary, '  you  slide  the  triangle 
along  the  working  edge  of  the  T-square  until 
the  edge  of  the  triangle  is  aligned  with  the 
point  through  which  you  wish  to  draw  the 
parallel  or  perpendicular  line.  Naturally,  you 
use  the  same  edge  of  the  triangle  to  draw 
parallel  lines  as  you  used  to  align  the  two 
instruments  in  the  first  step,  and  you  use  the 
edge  of  the  triangle  that  is  perpendicular. to 
that  edge  when  you  draw  perpendicular  lines. 

-  Protractor.  A  protractor  is  used  for  setting 
off  and  measuring  angles,  including  those 
obtained  by  using  the  T-square  and  triangles. 
Ol&inarily,  a  transparent  plastic  protractor  6 
inches  wide  is  sufficient.  Sucl^a  protractor  is 
shown  in  figure  4-17.  Notice  that  the 
circumference  IS  marked  twice  with  a  scale 
running  from  0**  through  180*"  in  each 
direction.  Having  0**  starting  points  at 
opposite  ends  of  the  diameter  makes  the 
protractor  easier  to  use  and  read  in  any 
position  on  the  drawing  board. 

To  make  accurate  measurements  with  a 
protractor,  draw  the  baseline  of  the  angle  so 
that  it  ext$ids  beyond  both  zero  points  of 
the  protractor.  The  center  point  of  th^ 
protractor  must  be  aligned  directly  ovef  the 
apex  of  the  angle  to  be  measured  or  drawn.  In 
laying  out  an  angle,  make  a  light  pencil  mark 
on  the  drawing  opposite  £he  appropriate 
degree  mark.  Then  draw  a  line  firom  the  apex 
throu^  the  pencil  ''tick "  mark  to  complete 
the  an^e. 


Exeixises(042): 

1.  What  are  the  tVi^o  types  of  triangles? 

f 

2.  What   is   the  primary   function  of  the 
triangle? 


3.  What  is  the  function  of  the  pibtractor? 


043.  TeU  how  each  type  of  scale  is  used. 


Scales,  Although  you  are  probably  more 
familiar  with  the  term  **ruler,"  **scale"  is  the 
correct  term'  to  use  for  a  straightedge  that  is 
graduated  for  measuring  purposes.  Scales  are 
made  with  a  variety  of  graduations  to  meet 
the  requirements  of  many  different  kinds  of 
work.  For  convenience,  scales  are  classified 
according  to  their  most  common  uses.  Thus 
we  have  scales  for  mechanical  engineers,  civil 
engineers,  amd  architects.  A  graphics  specialist 
will  find  each  of  these  types  of  scale  convient 
for  certain  types  of  work. 

Mechanical  engineer's  scales  are  divided  and 
numbered  so  that  fractions  of  inches 
represent  inches.  The  most  common  ran^ 
are  % ,  W,  V4,  and  1  inch  to  the  inch.  Theft 
scales  are  known  as  the  size  scales  because  the 
designated  reduction  also  represents  the  ratio 
of  size.  For  example,  on  the  %  scale,  1  inch 
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Figur«  4-18.  Sample  i«ction<  of  Archit«ct'«  scale. 
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is  represented  by  each  1/8  of  an  inch  of  the* 
scale.  These  sc'ales  are  almost  always  "full 
divided";  that  is,  the  smallest  divisions  run 
throughout  the  entire  length.  They  are  often 
graduated  with  the  marked  divisions 
numbered  from  right  to  left,  as  well  as  from 
left  to  right  Mechanical  engineer's  scales  are 
used  chiefly  for  drawing  machfne  parts  and^ 
small  structures  where  the  drawing  size  is 
never  less  than  one-eighth ^the  size  of  the 
actual  object. 

Civil  ■  engineer's  Scales  are  divided  into 
decimals  with  10,  20,  30,  40,  50,  60,  and'  80 
divisions  to  the  inch.  Such  scales  are  usually 
fill  divided  and  ^  sometimes  numbered  both 
from  left  to  right  and  right  to  left.  They  are 
used  chiefly  for  plotting  and  drawing  inaps, 
althou^  they  are  convenient  for  any  work 
where  divisions  of  the  inch  in  tenths  is 
required. 

Architect's  scales  are  divided  into 
proportional  divisions  representing  feet  and 
inches,  and  are  used  to  make  scaled-down  ^ 
drawings.  These  scalfts  have  unit  divisions  of 
^32,  ^/i6,  y4,  y^,  1,  Vh.  and  3 
inches.  Each  unit  represents  1  foot.  They  are 
usually  "open  divided,"  that  is,  the  units 
representing  feet  are  shown  along  the  entire 
length,  but  only  the  end  units  are  subdivided 
into  fractions  representing  inches.  Three 
samples  are  shown  in  figure  4-18. 

We  are  all  tamiliar  with  the  top  scale 
(12-inch  ruler).  We  were  introduced  to  it 
during  our  early  school  days.  It  is  divided  into 
12  inches,  and  these  units  are  further  divided 
into  16  equal  parts.  If  you  use  this  scdle  to 
make  a  scaled-down  drawing  of  an  object,  you 
must  calculate  the  lengths  that  you  require.  In 
some  cas§s  this  may  be  difficult.  If  you  were 
usipg  the  scale,  1  inch  equals  1  foot,  you 
would  have  little  or  no  trouble  finding  the 
measurement  representing  5  feet  3  inches, 
because   3  inches  equals  Va  foot  and  is 
represented  by  V4  of  an  inch  on  the  scale.  You 
jnerely    mark   off   5V4    inches  \foT  your 
*  "measurement  However,  suppose  that  you 
wanted  to  find  the  sc^e  measurement  of  5 
feet  4  inches.  This  is  not  so  easy.  When  you 
convert  4  inches  into  feet,  you  get  Va  foot. 
Since  %  foot  is  represented  by     inch  on  the 
scale  and  since  there  is  no  division  at  this 
poiiit,  you  must  estimate  or  mechanically 
divide     the    distance     to     obtain  the 
measurement.  Let  us  see  how  much  easier  it  is 
to  use  the  scale  shown  in  the  center  of  figure 
4-18. 

The  numeral  1  located  at  the  end  of  the 
scale  identifies  this  scale  as  the  1  inch  equals  1 
foot  scale.  Notice  that  the  zero  index  is 
located  1  inch  jn  from  the  end  of  the  scale. 


Figure  4-19.  Irregulwr  cunra. 

The  major  divisions  are  numbered  1  through 
10.  (Only  the  numeral  1  appears  on  the 
section  of  the  scale  shown.  The  numerals  20 
and  18  are  part  of  the  1/2  scale,  which  is  read 
from  the  other  end  of  the  scale.)  The  section 
of  the  scale  to  the  left  of  the  zero  index  is 
divided    into    12    major   divisions  which 
represent  inches.  This  is  the  section  of  the 
^  scale  that  makes  measuring  in  inches  easy. 
To    obtain    the    scaled  measurement 
representing  5  feet  4  inches,  all  you  have  to 
do  is  place  the  unit  division  5  at  the  right  end 
of  your  measurement  and  mark  the  left  end  at 
a  point  opposite  the  fourth  major  division  to 
the  left  of  the  zero  Jnde».  This  is  more 
accurate  than  estimating  and  much  easier  than 
dividing  the  distance,  isn't  it?  In  fact,  with 
this  scale  you  can  make  measurenients  down 
to  1/4  inch  directly  on  the  scale. 

The  bottom  scale  shown  in  figure  4-18  is 
used  in  the  same  way.  On  this  scale  3/4  inch 
represents  1  foot.  Let  us  see  if  you  can 
determine  where  yoT|  would  mark  the  two 
ends  of  a  measurement  representing  2  feet  9 
inches.  If  you  selected  the  unit  2  division  for 
'the  right  end  of  your  measurement  and  the 
third  major  division  to  the  left  of  the  zero 
index  for  the  left  end  of  your  measurement, 
you  are  correct.  If  you  did  not  get  the 
measurement  right,  you  should  study  the 
scale  again.  n 
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CURVE  FITS  SKETCH  LINE 


Kigure  4-20.  Using  an  irregular  curve. 


Exercises  (043): 

1.  What  are  the  different  types  of  scales? 


circles.  They  are  made  of  metal  or  of, 
transparent  plastic  and  come  "in  various 
shapes,  some  of  which  are  shown  in  figure 
4-19.  The  patterns  for  these  curves  are  laid 
out  in  ellipses  and-  spirals  or  other 
mathematical  curves  in  various  combinations. 

Figure  4-20  shows  how  an  irregular  curve  is 
used  to  draw  a  smooth  line  through 
predetermined  points.  After  the  points  are 
plotted,  a  light  pencil  line  should  be  sketched 
to  connect  the  points  with  a  smooth  flowing 
line.  Then  apply  the  curve  to  it,  selecting  the 
part  of  the  curve  which  most  nearly  matches  a 
portion  of  the  line.  The  curve  should  match 
the  line  at  a  minimum  of  three  consecutive 
points.  When  selecting  the  part  of  the  line  to 
be  used,  be  sure  to  place  the  short  radius 
portion  of  the  line  .to  be  drawn.  In  drawing 
the  part  of  the  lin^  matched  by  the  curve, 
always  stop  a  little  short  of  the  distance  in 
which  the  guide  and  line  seem  to  coincide. 
After  drawing  this  portion,  shift  the  curve  to 
find  another  place  that  will  coincide  with  the 
continuation  of  the  line.  Avoid  abrupt 
changes  in  curvature  by  arranging  the  curve  to 
coincide  for  a  short  distance  with  the  part  of 
the  line  already  drawn.  Thus,  the  lines  drawn 
coincide  at  each  junction  and  create  a  smooth 
.  curve. ^ 

When  using  the  irregular  curve  as  a  guide 
for'inking  a  curved  line,  hold  the  ruling  pen  so 
that  it  is  tilted  slightly  in  the  direction  of 
movement  *and  is  in  a  plane  perpendicular  to 
the  paper.  In  this  position,  both  blades  of  the 
pen  will  touch  the  paper  at  points  just  off  the 
center  of  their  curved  tips.  As  you  move  the 
pen  along  the' edge  of  the  curve,  rotate  it 
slowly  between  your  fingers  or  turn  your 
hand  to  keep  the  blades  parallel  to  the  edge  of 
the  curve. 


Exercise  (044): 

1.  What  is  the  purpose  of  an  irregular  curve? 


2.  How  is  each  scale  used? 

044.  State  the  purpose  of  an  irregular  curvq. 

Irregular  curves.  These  curves  are  used  to 
draw  curved  lines,  which  are  not  segijients  of 


4-4.  Mechanical  Drawing  Instruments 

Drawing  instruments  may  be  purchased 
singly,  or, as  a  set.  The  advantage  of  buying 
your  instruments ^in  the  set  is  that  the  case  is 
designed  as  a  single,  safe  storage  place.  An 
average  set  of  instruments  usually  consists  of 
a  ruling  pen,  compass,  divider,  and  bow 
instruments.  In  addition,  there  are 
attachments  for  the  compass,  an  extension 
bar,  and  extra  needles  in  case  of  breakage. 
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A. 

PLAIN  SPRING  BLADE  TYPE 


SPRING  HINGE  TYPE 


CLICK  TYPE 
Figure  4-21.  Ruling  pens. 


The  purpose  of  the  following  paragraphs  is 
to  make  clear  the  proper  methods  -^for 
handling  the  various  pieces  of  a  drawing  set, 
what  to  look  for  in  selecting  them,  how  to 
care  for  them,  and  how  to  keep  them  in 
proper  working  order. 


045.  Describe  the  use  and  care  of  the  ruling 
pens. 


Ruling  Pens.  A  ruling  pen  consists  of  two 
steel  bjades  attached  to  a  handle.  It  is  used  to 
make  straight  ink  lines  of  uniform  thickness. 
TPhe  standard  ruling  pen,  shown  in  figure 
yr4-21,A,  has  an  adjustable  spring  blade.  A 
screw  running  through  a  hole  in  the  adjustable 
blade  screws  into  the  stationary  blade  and  is 
used  to  adjust  the  gap  between  the  ends  of 
the  blades,  which  are  called  nibs.  The  width 
of  the  gap  determines  the  thickness  of  the  line 
that  the  pen  will  produce.  Never  tighten  the 
screw  far  enough  to  bring  the  blades  tigbtly 
together,  as  you  might  bend  the  nibs  and  ruin 
the  pen.  The  adjusting  device  also  allows  you 
to  open  the  blade  so  that  you  can  clean  inside 
the  nibs.  Before  you  put  the  pen  away,  you 
should  loosen  the  screw  to  relieve  the  spring 
tension. 

The  two  other  types  of  ruling  pens,  shown 
in  figure  4-21,B  and  4-21,C,  have  hinged 
blades  which  allow  the  pens  to  be  opened, 
cleaned,  and  snapped  back  in  place  without 
changing  the  width  of  the  setting.  These  types 
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of  blades  are  very  handy  when  you  nave  a 
great  deal  of  inking  to  do. 

The  spring  pressure  of  the  blades  should  be 
positive  but  not  too  strong,  or  it  will  cause 
the  threads  on  the  adjustmg  screw  to  wear  out 
rapidly.  Don't  buy  a  pen  with  undue  friction 
on  this  screw. 

Ruling  pens  are  supplied  with  two  general 
types  of  points.  The  wide-pointed  pens  are 
called  detail  pens,  but  they  are  no  more  useful 
for  this  purpose  than  any  other.  They  serve 
best  for  drawing  long,  heavy  lines  since  they, 
hold  more  ink.  Pens  of  any  one  type  are 


Figure  4^22.  Filling  a  ruling  p«n. 
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specified  by  overall  length.  .When  buying  ►a 
single  pen,  you  shouW  purchase  on,e  that  suits 
your  hahd. 

A  ruling  pen  should  be  filled  by  placing  the 
quill,  which  is  in  the  stopper  of  the  ink  bottle, 
between  the  nibs  of  the  pen.  and  letting  the 
ink  run  into  the  pen,  a^shown  in  figure  4-22. 
The 'ink  should  not  stand  more  than  1/4  inch 
high  'in  the  pen,  as  the  weigKt  Of  a  higher 


cduran  will  frequently  cause  the  ink  to  run 
out.and  make  a  blot.  After  filling  a  pen,  you 
should,  always  make  a  test  line  on  a  piece  of 
scratcli  paper^*Be  sure  the  ink  flows  properly 
»  and  the  width  of  the  line  is  correct  before  you 
ink  aline  on  a  drawing. 

The  ruling  pen  should  be  held  in  the  same 
manner  as  the  drawing  p^nfcil.  A^  shown  in 
parts  (ai  and  (b)  of  figure  4-23,  the  pen' 


OUTSIDE  NI8  DOES  NOT  TOUCH  PAPER 
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F!gur«  4-23.  Using  a  ruling  pen. 
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perpendicular  to  the  paper,  and  when  the 
compass  is  held  in  a  vertical  position,  the  pen 
just  touches  the  paper.  Once  you  have 
adjusted  the  needle  point,  leave  it  in  that 
position.  When  you.  change  the  pen 
attachment  for  a  pencil  attachment,  adjust 
only  the  Ifead  point.  You  use  the  same 
relationship  as  for  the  pen  attachment. 

The  lead  for  the  compass  should  bie  of  the 
same  grade  as  that  used  in  pencil  work*  This 
means  that  you  should  keep  several  l?ad 
points  on  hand  to  suit  the  varieties  of  pencil 
used-  You  can  sharpen  the  lead  to  a  bevel 
point  by  sanding  the  outside  edge  (see  fig. 
4-27).  Sanding  the  outside  edge  of  the  lead 
permits  you  to  sharpen  the  point  without 
disturbing  the  compass  setting  even  when  the 
compass,  is  set  for  drawing  very  small  circles. 
With  the  bevel  on  the  outside,  the  point  of 
lead  is  nearer  the  needlepoint,  thus  permitting 
you  to  draw  smaller  circles. 

When  drawing  small  circles,  you  may  leave 
the  legs  of  the  compass  straight;  but  for  large 
circles,  bend  the  legs,  as  shown  in  part  A  of 


figure  4-28.  The  amount  of  bend  depends  on 
the  size  of  the  circle.  Adjust  the  legs  so  that 
both  nibs  of  the  inking  pen^touch  the  paper 
when  you  hold  the  compass  perpendicular  to 
the  paper.  Notice  that  the  leg  containing  the 
needle  point,  is  also  perpendicular  to  the 
paper.  In  this  position  the  needle  point  will 
not  wear  an  unsightly  hole  when  you  draw 
several  concentric  circles.  It  is  best  to  draw  a 
circle  with  a  clockwise  movement  and  to 
around  the*  circle  only  once  when  inking. 
However,  to  secure  a  good  black  pencil  line, 
you  may  find  it  necessary  to  go  over  the  circle 
several  times. 

For  drawing  circles  larger  than  the  compass 
will  accommodate,  you  may.  add  the 
extension  bar  attachment,  as  shown  in  part  B 
of  figure  4-28  or  you  use  a  beam  compass,  as 
shown  in  part  C.  A  beam  compass  consists  bf 
a  bar,  or  beam,  of  metal  18  to  70  inches  long, 
a  steel  needle  point,  and  a  pen  or  pencil  point. 
You  can  slidp  the  needle  point  and  pen  or 
pencil  point 'along  the  bar  to  any  desired 
position  and  then  tighten  them  against  ^he  bar 


Figura  4-28.  Extension  bar  compass  and  baan/ compaai. 
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Fimire  4*29.  Adjusting  and  udng  the  divider. 

with  thumbscrews.  Using  the  extended 
compass  and  beam  compass  requires  more 
skill  than  handling  ^a  regular  compass  since 
both  hands  must  be  employed,  one  to  hold 
the  needle  at  the  center  and  the  other  to 
move  the  pencil  or  pen  point. 

Dividers*  Dividers  are  used  chiefly  for 
transferring  distances  and  occasionally  for 
dividing  spaces  into  equal  parts.  They  are 
similar  to  compasses  except  that  both  legs 
have  needle  points  (see  fig.  4-29). 


To  set  the  divider,  hold  it  in  one  hand. 
Then,  if  the  distance  to  be  set  permits,  hold  it 
as  shown  in  tjie  top  illustration.  This  permits 
you  to  'increase  the  span  by  applying  the 
pressure  with  your  middle  and  ring  fingers 
and  to  decrease  the'spanby  applying  pressure 
with  your  thumb  and  index  finger.  If  the 
distance  is  small,  remove  your  fingers  from 
inside  the  divider  and  close  down  the  legs  to 
the  proper  measurehient  by  applying  pressure 
with  your  thumb  and  fingers.  A  screw  on  one 
of  the  legk  ptoyides  for  a  fine  adjustnlfent.  To 
test  divider&r^lose  the  legs  and  check  to  see  if 
the  two  points  come  together  in  line  with  the 
legs. 

To  transfer  a  measurement  from  one 
drawing  to  another/or  from  an  object  ta  a 
drawing,  set  the  divider  to  the  correct 
measurement  and  transfer-  the  measurement 
to  the  drawing  by  pricking  the  drawing 
surface  very  slightly  with  the  points  of  the 
divider.  To  step  off  a  series  of  equal 
measurements,  set  the  divider  to  the  desired 
measurement  and  step  off  this  measurement 
as  many  times  as  desired  by  swinging  the 
divider  f  i  r  st  clockwise  and  then 
counterclockwise,  as  shown  in  the  lower 
illustration  of  figure  4-29 .  Alternately 
reversing  the  swing  permits  you  to  maintain 
your  grip  on  the  divider.  ' 

You  can  use  dividers  to^  divide  a 
measurement  into  a  numbed  of  equal  parts  by 
the  trial  and  error  method.  The  principle  of 
this  method  is  shown  in  the^  bottom  portion 
of  figure  4-29.  If  you  want  to  divide  the 
distance  between  points  A  and  B  into  three 
equal  parts,  start  by  estimating  one-third  of 
the  distance.  Then  set  the  divider  for  this 
distance;  place  one  point  of  the  divider  on 
,  point  A,  and  step  off  three  spaces  along  the 
line  between  points  A  and  B.  Be  careful  to 
prick  the  paper  as  lightly  as  possible.  If  the 
point  of  the  divider  coincides  with  point  B, 
you  have  accomplished  your  objective.  The 
two  prick  holes  mark  the  division  points  of 
the  line  A-B.  You  may  want  to  back  and 
make  these  holes  slightly  larger  or  mark  them 
with  a  pencil  to  complete  the  operation. 

If  the  pqint  of  the  divider  falls  short  of 
point  B,  as  shown  in  figure  4-29,  or ' 
overshoots  it,  you  can  use  the  distance  of  the 
undershoot  or  overshoot  to  determine 
approximately  how  much  to  change  the 
setting  of  the  divider  for  the  next  trial 
operation.  ^In  the  above  example,  since  you 
are  dividing  'the  distance  between  points  A 
and  B  into  three  equal  spaces,  and  the  first 
trial  setting  was  too  smaU,  increase  the  span 
of  the  divider  by  one-third  *  the  distance 
between  the  final  position  of  the  divider  and 
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Figure  4-24.  Ck)rrcct  and 


should  be  slightly  mclined  in  the  direction  o\ 
motion  and  in  a  plane  perpendicular  to  the 
paper  through  the  line  being  drawn.  You 
should  take  great  care  to  get  and  to  keep  the 
pen  In  the  correct  position,  since  only  a  slight 
deviation  is  necessary  to  bring  disastrous 
results. 

The  four  illustrations  in  the  lower  portion 
of  figure  4-23  show  the  results  of  conect  and 
incorrect  manipulation  of  the  ruling  pen.  The 
correct  position  of  the  pen  and  the  resulting 
correct  line  are  shown  in  the  top  illustration. 
Shown  next  is  the  result  to  applying  too 
much  pressure  against  the  straightedge.  As 
you^can  see,  this  forces  the  nibs  together  and 
thus  reduces  the  thickness  of  the  line.  When 
the  ink  comes  in  contact  with  the  straightedge 
and  paper  at  the  same  time,  it  runs  under  the 
straightedge  and  blots  the  drawing,  as  shown 
in  the  third  illustration.  The  same  thing  will 
occur  if  you  leave  ink  on  the  outside  of  the 
nib  and  it  touches  the  straightedge.  When  the 
pen  is  held,  as  shown  in  the  bottom 
illustration,  the  outside  nib  of  the  ruling  pen 
does  not  touch  the  paper  and  a  ragged  line  is 
produced. 


faulty  miing  pen  niDt. 

.  V 

To  draw  a  long  line,  you  should  use  a 
steady,  even  arm  movement.  Your  little  finger 
and  ring  finger  should  rest  on  and  slide  along 
the  straightedge  to  help  keep  the  angle  of 
inclination  constant.  Just  before  you  reach 
the  end  of  the  line,  stop  your  arm  and  two 
guiding  fingers  and,  without  stopping  the 
motion  of  the  pen,  finish  the  line  with  a 
finger  movement.  Draw  short  lines  with  this 
finger  movement  alone.  When  you  reach  the 
end  of  the  line,  quickly  lift  the  pen  fron\  the 
paper  and  move  the  straightedge  away  from 
the  line. 

The  quality  of  a  line  produced  by  a  ruling 
pen  depends  not  only  on  the  mahipulation  of 
the  pen  but  also  on  the  condition  of  the 
point  Even  the  best  pens  seldom  come  from 
the  manufacturer  properly  pointed. 
Therefore,  you  should  learn  to  sharpen  and 
shape  the  nibs.  The  correct  shape  is  shown  in 
part  A  of  figure  4-24.  Notice  that  it  is  not 
very  pointed.  A  pointed  tip  produces  a  very 
high.camllary  action.  This  is  the  action  by 
which  tie  surface  of  a  liquid  is  depressed  or 
elevated'as  it  comes  into  contact  with  a  solid. 
This  action  holds  the  inkwell  away  from  the 


Figur*  4«26.  Equalising  tht  niba  and  sharpening  the  ruling  pen. 
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PEN  ATTACHMENT         '  Y'     .  EXTENSION  BAR  ATTACHMENT 

Figure  4-26.  Standard  compiM  with  ttUchment*. 


point  of  the  pen.  A  point  of  this  type  will  not 
permit  the  ink  to  start,  even  on  a  broad  line. 

The  equality  in  the  length  of  the  nibs  is 
another  condition  that  will  affect  the  flow  of 
ink.  Before  the  ink  will  flow  properly,  both 
nibs  must  be  equal  in  length,  as  shown  in  part 
C  of  figure  4-24.  Part  D  of  figure  4-24  shows 
what  happens  if  one  nib  is  longer  than  the 
other.  Notice  that  the  ink  does  not  touch  the 
paper  and  therefore  doesn't  flow. 

After  a  few  months  of  steady  service,  a 
good  point  will  wear,  producing  a  flat  spot  on 
the  side  that  contacts  the  paper,  as  shown  in 
figure  4-24,B.  All  three  defects-sharp  points, 
unequal  length  of  nibs,  and  flattened 
points-^an  be  corrected  by  proper  honing  on 
a  fmegrained  oilstone. 

The  process  of  shaping  the  nibs  of  a  ruling 
pen  consists  of  two  operations.  The  first 
operation  consists  of  honing  them  to  an  even 
length  and  then  rounding  them  off  so  that  the 
end  has  a  parabolic  shape.  This  can  be  done 
by  carefully  closing  the  nibs  of  the  pen  and 
then  rubbing  the  nibs  over  an  oilstone,  as 
shown  in  part  A  of  figure  4-25.  While  rubbing 
the  nibs  over  the  stone,  keep  the  pen  in  a 
plane  perpendicular  to  the  surface  of  the 
stone  and  rock  it  back  and  forth*  in  the 
direction  of  motion.  The  second  operation  is 
that  of  sharpening  the  nibs.  This,  must  be 
done  by  grinding  entirely  from  the  outside,  as 
shown  in  part  B,  until  the  edges  of  the  nibs  do 
not  show  any  shiny  flat  spots  when  viewed 
edgewise.  A  magnifying  glass  is  useful  in 
making  this  examination.  Exercise  care  in  this 
operation  to  make  the  nibs  equal  in  length 
and  not  so  sharp  that  they  cut  the  drawing 
paper.  Under  no  Circumstances  should  you 
attempt  to  sharpen  the  by  honing  the 
inside  of  the  nibs.  S^harpening  it  this  way  ruins 
the  pen. 


Exercises  (045): 

1.  Why  shouldn't  the  blades  on  a  ruling  pen 
ever  be  brought  tightly  together? 


2.  The  wide-pointed  mling  pen  is  called  a 
  pen. 

3.  What^e  the  three  common  defects  of  used 
ruling  pens? 


046.  List  the  measimng  instruments  of  a 
mechanical  drawing  set. 

Compass.  The  large  compass  (see  fig.  4-26) 
is  one  of  the  most  important  instruments  in  a 
drawing  kit.  It  should  be,  adjusted  before  it  is 
used  for  the  first  time  and  then  maintained  in 
that  condition.  As  you  can  see,  one  leg  is 
arranged  to  hold  either  a  pfifeil  attachment  or 
a  pen  attachment.  You  should  insert  the  pen 
attachment  first  and  then  adjust  the  needle 
point  so  that  it  is  about  1/32  of  an  inch 
longer  than  the  pen.  Thus,  when  the  needle 
point   sinks   into   the  paper,  the  pen  is 


FiguK  4*27.  Sharpening  and  adjusting  the  compaas  lead. 
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Figure  4-30.  Proportional  divider. 


point  B.  By  repeating  this  trial  operation,  you 
will  find  the  right  setting. 

Proportional  divider.  An  easier  method  of 
dividing  the  line  shown  in  figure  4-29  includes 
the  use  of  a  proportional  divider  (see  fig. 
4-30).  This  type  of  divider  consists  of  two  legs 
which  are  held  together  by  a  movable  pivot 
section  and  which  have  a  needle  point- on  each 
end.  The  movable  pivot  section  allows  you  to  • 
adjust  the  divider  so  that  the  span  of  Jhe  short 
needle  points  has  a  desired  ratio  to  the  span 
of  the  long  needle  points.  T^ie  enlarged  detail 
of  this  section  shows  how  this  is  done.  Notice 
that  the  knob  on  the  underside  of  the  bottom 
leg  is  geared  to  a  rack  on  the  inside  of  this  leg. 
As  you  turn  the  knob,  the  pivot  section  slides 
along  the  inside  of  both  legs.  You  can  set  the 
divider  for  a  desired  ratio  by  aligning  the 
index  mark  on  the  movable  slide  with  the 
graduation  marks  on  the  top  leg.  The  divider 
illustrated  in  the  enlarged  detail  of  figure  4-30 
is  set  \vith  the  index  mark  aligned  with  the 
2/5  graduation  mark.  Tlierefofe,  the  span  of 
short  needles  will  be  two  units  when  the  span 
of  the  long  needles  is  five  units.  After  setting 
the  divider  for  a  certain  ratio,  lock  the  pivot 
point  by  tightening  the  locking  nut  on  the 
face  of  the  upper  leg.  This  setting  and  locking 
operation  is  done  with  the  legs  of  the  .divider 
closed.  After  locking  the  pivot  point,  you  are 
ready  to  use  the  divider. 

Now  let  us  see  how  you  would  use  the  , 
proportional  divider  to  divide  the  distance 

,  between  points  A  and  B  of  figure  4*29.  Since  " 
you  want  to  divide  the  distance  into  three 
equal  parts,  you  must  first  set  the  divider  for 

.  a  ratio  of  3  to  1.  You  do  this  by  setting  the 
index  mark  opposite  the  indicating  mark  3 
and  tightening  the  locking  nut.  Next,  you 


spread  the  legs  of  the  divider  until  the  long 
needle  points  will  touch  points.  A  and  B. 
Finally,  you  reverse  the  ends  of  the  divider 
and  step  off  the  distances  which  divide  lin^ 
A-B,  using  the  short  needle  points. 

Notice  that  the  proportional  dividers 
shown  in  figure  4-30  are  graduated  for 
dividing  circles  as  well  as  lines.  To  use  them 
for  this  purpose,  you  set  the  right  end  of  the 
index  mark  to  the  graduation  line 
corresponding  to  the  number  of  divisions* 
desired.  Then  set  the  span  of  the  long  needles 
equal  ta  the  radius  of  the  circle  to  be  divided. 
Now  you  can  use  the  short  needle  end  of  the 
divider  to  step  off  the  divisions  along  the 
circumference  of  the  circle. 

Bow  instruments.  A  nrechanical  drawing  set 
usually  contains  three  bow  instruments— a 
bow  pen,  bow  pencil,  and  bow  divider.  Bow 
pens  and  pencils  are  used  for  drawing  circles 
and  circular  arcs  with  smaller  than  1  inch 
radii.  Bow  dividers,  like  regular  dividers,  are 
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Figure  4*31.  Bow  instruments. 
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Figure  4-32.  Drafting  mtchine. 


used  for  transferring  measurements  and 
dividing  lines  into  equal  parts  but  on  a  much 
smaller  scaler. 

There  are  two  types  of  bow  instruments  in 
general  u^e.  If  the  adjusting  screw  is  on  the 
side  pf^*^!re  instrument^  as  shown  in  part  A  of 
figure  4-8l,  the  instrument  is  called  a  side 
bow.  If  the  adjusting  screw  is  in  the  center,  as 
shown  in  part  the  instrument  is  called  a 
center  bow.  Both,  of  these  instruments  are 
used  in  the  same  manner  as  the  cpmpasses  and 
dividers  previously  described. 

As  you  can  see  in  figure  4-31,  side  bow 
instruments  are  merely  small  instruments 
which  have  a  thuinoscrew  acting  against  the 
spring  tension  of  the  legs.  The  screw  threads 
on  these  instruments  are  delicate;  therefore, 
do  not  force  them.  You  can  decrease  the  wear 
on  the  threads  by  holding  the  legs  together 
lightly  as  you  turn  the  adjusting  screw.  This 
applies  only  to  the  side  bow  instruments.  You 
should,  keep  the  threads  of  both  types  of 
instruments  free  from  rust  and  dirt. 


Exercises  (046): 

1.  List    the    two    types    of  measuring 
instruments  of  the  drawing  set. 


2.  What  are  proportional  dividers? 


3.  How   many   bow   instruments*  does  a 
mechanical  drawing  set  contain? 


047.  State  the  advantage  of  a  drafting 
machine. 


Drafting  Machine.  The  drafting  machine,  or 
parallel  motion  protractor  as  it  is  sometimes 
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'called,  is  one '  of  the  most  useful  and 
timesaving  devices  that^you  will  use.  You  can 

*  use  it  in  place  of  a  T-square,  tnangle,  scale, 
and  protractor.  As  you  can  see  in  figure  4-32, 
the  drafting  machine  is  attached  to  the  top 
edge  of  the  drawing  table  with  the 
straightedges  resting  on  the  surface  of  the 
drawing  table  or  paper.  The  controlling  head 
of  the  machine  provides  a  means  of  adjusting 
and  locking  the  straightedges  at  any  desired 
angle.  The  supporting  links  are  ananged  so 
that 'the  straightedges  always  remain  at  the 
desired  angle-no  matter  where  they  are  moved 
on  the  board.  Thus,  when  the  long  blade  is  set  . 
to  a  horizontal  position,  it  will  remain 
horizontal  regardless  of  the  position  of  the 
control  head  on  the  drawing  table. 
Interchangeable  straightedges  marked  with 
standard  scale  divisions  permit  you  to  use  the 
drawing  machine  for  many  types  of  drawing. 

\    Since  the  various  parts  of  the  drafting 


machine  are  metal,  the  accurate  relationship 
of  one  part  to  another  is  not  subject  to 
chdnge.  However,  they  do  have  certain 
inherent  faults.  Unless  the  metal  straightedges 
are  pressed  firmly  against  the  drawing  by 
placing  one  hand  at  the  center  of  straightedge, 
the  blade  will  flex  or  **swing''  slightly  when 
moderate  pressure  is  applied  to  the  free  end. 
The, links  or  bands  which  control  the  position 
of  the  straightedges  must  be  adjusted  properly 
to  eliminate  the  possibility  of  introducing 
error^from  this  source.  When  using  the 
drafting  machine  to  attain  speed,  you  must 
take  great  care  not  to  gain  speed  at  the  cost  of 
accuracy. 


Exercise  (047): 

l.What   is   the   advantage  ,of  a  drafting 


machine? 
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CHAPTER  5 


Fundamentats  of  Lettering 


THfe  THOUGHTS  or  ^ideas'  the  graphics 
specialist  wishes  to  pass  ort  to  someone  else 
are  seldom  conveyed  by  illustrations  alone. 
Most  illustrations  are  accompanied  by  some 
form  of  written  word.  The  words  may  take 
the  form  of  a  title,  which  usually  tells 
something  about  the  illusttation,  or. they  may 
be  included  as  an  integral  part  of  the 
illustration.  You  can  see  this  by  looking  at  the 
advertisements  in  any  magazine  or  newspaper. 
Illustrations  used  by  the  Air  Folrce-  are  not 
exceptions.  This  means  that  you  as  a  graphics 
specialist  must  be  able  to  letter  as  well  as 
illustrate.  In  fact,  you  will  find,  that  a  fair 
illustration  with  good  lettering  is  more 
effective  than  a^good  illustration -with  poor 
lettering/  In  other-  words,  the  lettering  qan 
make  or  break  an  illustration.  We  might  say 
also  that  being  able  to  letter  well  can  be  the 
difference  betweert  a  good  graphics  specialist 
ahd  a  poor  one»  One  thing  for  sure,  if  you 
learn  to  letter  well,  you  will  be  of  great  value 
to  any  graphics  organization  regardless  of 
your  other  qualifications. 

Lettering,  like  drawing,  is  an  art.  As  in 
other  arts,  you  must  spend  many  hours 
studying  and  practicing  to  acquire  the 
necessary  knowledges  and  skills.  This  course 
cannot  help  you  develop  your  skill.  You  must 
gain  that  by  continuous  practice.  It  can, 
however,  present  helpful  information  on  the 
fundamentals  of  lettering.  From  this  chapter, 
yoli  '  should  learn  the  basic  principles  of 
lettering,  how  each  letter  is  formed,  what 
constitutes  good  spacing,  how  to  obtain  good 
spacing,  how  to  letter  by  hand  and  by  using 
mechanical  lettering  equipment,  and  how  to 
use  prepared  lettering,  ^et  us  start  with 
lettering  fundamentals. 


5-1.  Fundamentals  of  Lettering 

Lettering  produced  by  hand  without 
mechanical  lettering  aids  of  any  kind  has  a 
quality  that  cannot  be  obtained  by  any  other 
means.  It'  takes  on  the  perscfnality  of  the 
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individual  letterer  as  well  as  the  character  of 
the  instrument  used  to  produce  it. 

The  ability  to  letter  well  can  be  acquired 
only  by  continued  and  careful  practice. 
Anyone  with  muscular  control  of  his  fmgers 
can  acquire  this  ability  if  he  will  practice 
faithfully  and  intelligently  and  take  the 
trouble  to  observe  carefully  the  shapes  of  the 
letters,  the  sequence  of  strokes  used  to  make 
the  letters,  and  the  rules  for  letter 
composition. 


048.  Name  the  styles  most  used  in  modem 
lettering,  and  tell  how  printing  affects 
lettering. 


Origin  of  the  Alphabet.  The  alphabet  we 
use  today  had  its  origin  in  ancient 
hieroglyphics.  After  being  developed  by  the 
Egyptians  into  a  cursive  form,  it  was  adopted 
by  the  Phoenicians,  who  produced  an 
alphabet  of  22  letters.  This  alphabet  was 
transmitted  in  the  course  of  time  to  the 
Greeks  and  by  thenrto  the  Romans.  Each  of 
these  civilizations  made  changes  in  the 
alphabet  due  in  part  to  the  kinds  of  tools  apd 
materials  they  used  m  recording  their 
writings.  The  Roman  capital  alphabet  finally 
evolved  and  has  come  down  to  us  practically 
unchanged.  Except  for  small  letters,  which 
were  added  to  the  Roman  alphabet  by  the 
master  printers  of  Venice  after  printing  had 
been  invented  in  Germany  in"^  the  15th 
century,  most  newspapers,  magazines,  and 
books  of  today  use  letters  which  differ  very 
.little  from ,  those  carved  oti  Roman 
architecture  over  2000  years  ago.  The  success 
and  durability  of  the  Roman  alphabet  can  be 
attributed  to  the  fact  that  the  letters  are 
based  on  well-defined  principles  and 
geometric  truths-^he  circle,  ellipse,  vertical 
lines,  horizontal  lines,  and  diagonal  lines  being 
the  elements. 
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styles  of  Lettering.  Through  the  centuries, 
writing  styles  and  even  the  basic  letter  forms 
"^vere  changed  and  modified  due  to  the 
materials  used  and  the  tendency  of  men  to  try 
to  find  easier  w^ys  of  doing  something. 
Printing  imposed  certain  changes  toward  a 
more  mechanically  perfected  letter  form.  This 
began  a  trend  toward  simplicity  and  ease  of 
construction.  ^ 

Text  The  first  type  faces  were  simply 
copies  of  the  manuscript  lettering  of  the 
period.  The  Gutenberg  Bible,  the  first  printed 
book,  was  printed  in'  an  angular,  northern 
block  letter.  A  number  of  type  faces  based  op 
the  old  block-letter  or  text  alphabets,  such  as 
the  German  Text  and  Old  English  Text,  are 
still  used.  For  those  of  us  who  are  accustomed 
to  simpler  styles,  the  text  style  of  lettering  is 
quite  difficult  to  read.  i^Therefore,  we  seldom 
use  this  style  for  blocks  of  copy.  Text 
lettering  is  used  often  for  formal  and 
decorative  purposes  on  certificates,  formal 
announcements,  diplomas,  etc. 

Gothic.  In  this  style  all  parts  of  the  letters 
are  of  equal  width.  When  the  width  of  the 
strokes  can  be  made  with  a  single  stroke  of  a 
lettering  pen,  pencil,  or  brush,  the  style  of 
letter  is  called  single-stroke  Gothic.  When  the 
outline  of  a  letter  is  drawn  aijd  the  area 
between  is  filled  in,  the  style  is  c^ed  filled-in 
or  built-up  Gothic. 

Roman.  The  style  of  alphabets  in  which  the 
letters  are  produced  by  thick  and  thin  strokes 
is  classifi^  as  Roman.^  The  thick  and  thin 
strokes  of  this  style  give  variety  and  letter 
characteristics  which  are  easy  to  read; 
therefore,  Roman  style  lettering  is  widely 
used.  In  fact,  most  books,  magazines, 
newspapers,  and  other  written  means  of 
communication  use  this  style  of  print.. 

Each  of  the  three  styles  of  lettering  may  be 
further  subdivided  into  capital  letters,  or 
uppercase,  and  small  letters,  or  lowercase.  Th^ 
terms  ''lowercase"-  and  **uppercase"  evolved 
from  the  printing  trade.  Before  the  advent  of 
^  modem  printing,  printers  had  to  hand  set 
their  type.  They  used  a  letter  case  with 
compartments  to  keep  the  different  letters  of 
a  font  (complete  set  of  type)  separated  from 
each  other.  The  small  letters  of  a  font  were 
kept  in  the  lower  part  of  the  letter  case  and 
the  capital  letters  were  kept  in  the  upper  part 
of  the  case.  Thus,  lowercase  and  uppercase 
became  common  usage  for  small  and  capital 
letters. 

The  printers  and  manuscript  writers  of 
Italy  added  another  characteristic  to  the  style 
of  lettering.  They  used  a  slanting  strctke 
instead  of  a  vertical  stroke  in  their  letter 
design.    This    distinguishing  characteristic 
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resulted  in  the  adoption  of  the  term  **itaUc" 
for  all  letters  having  this  characteristic  slant. 

Styles  of  letters  can  also  be  distinguished 
by  their  general  proportions.  Although  there 
is  no  standard  for  the  proportions  of  letters, 
there  are  certain  fundamental  points  in  design 
and  certain  characteristics  of  individual  letters 
that  you  must  learn  before  you  attempt  to 
compose  letters  into  words  and  sentences. 
Not  only  do  the  widths  of  letters  m  any 
alphabet  vary,  from  I,  the  nanowest,  to  W, 
the  widest,  but  different  alphabets  vary  as  a 
whole.  Styles  narrow  in  their  proportion  of 
width  to  height  are  called  compressed  or 
condensed  and  Bik  used  when  space  is  limited. 
Styles  wider  than  normal  are  called  extended 
lettering. 

The  proportion  of  the  thickness  of  stem  to 
the  height  varies  widely,  ranging  from  1/3  to 
1/20.  Letters  with  heavy  stems  are  called 
boldface,  and  those  witii  thin  stems  are  called 
light  face.  Thus,  besides  the  three  main  items 
used  to  designate  any  style  of  letter  (basic 
form,  uppercase  or  lowercase,  and  vertical  or 
slant),  terms  such  as  single-stroke  or  filled-in, 
condensed  or  extended,  and  boldface  or 
lightface  are  also  used. 


Exercises  (048): 

1.  What  are  the  styles  of  lettering  most  used 
today? 


2.  What  changes  did  printing  have  on  lettering 
styles? 


3.  .Letter  styles  narrow  in  their  proportions  of 
width  to.  height  are  called  _  or 

  letters. 

4.  Styles   wider   than   normal   are  called 
 lettering. 


049.  Define  letter  nomenclature. 


'  Letter  Nomenclature.  Before  we  go  further 
into  lettering,  fundamentals,  we  should  go 
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Figure  5-1.  Lrttter  nomencUtun. 


over  the  names  of  the  various  parts  of  letters. 
This  will  give  us  a  common  language  to  use  in  , 
discussing  lettering  principles.  The  different 
parts  of  letters  are  designated  in.  figure  5-X. 
You  are  probably  familiar  with  some  of  these 
names,  but  let  us  go  over  them  to  make  sure 
that  you  know  all  of  them. 

The  two'  parts,  serif  and  sterriy  shown  on 
the  top  letter,  should  be  familiar  names.  The 
serif  is  a  thin,  short  finishing  stroke  at  the  top 
and  bottom  of  letters  made  with  straight 
vertical  or  horizontal  strokes.  Serifs  are  a 
characteristic  of  Roman  letters.  The  stem  of 
a  letter  is  the  name  for  the  straight  vertical 
line  that  is  used  as  a  basis  for  most  letters  of 
the  alphabet. 

The  next  letter  of  figure  5-1  shows  two 
names  that  are  often  used  to  describe  parts  of 


letters.  When  a  broad  nibbed  pen  is  used  to 
construct  letters,  it  is  usually  ^Id  so  that  the 
nib  is  parallel  with  the  line  of  lettering. 
Therefore,  when  a  downward  stroke  is  made, 
the  part  of  the  letter  produced  is  a  thick 
stroke.  Naturally,  a  thin  stroke  is  produced 
when  the  pen  is  moved  horizontally  or  is. 
turned  so  that  the  nib  is  moved  edgewise 
down  the  paper  as  in  the  construction  of  the 
letter  N.  Sometimes  we  refer  to  the  thin 
stroke  as  a  hairline. 

The  next  two  letters  in  figure  5-1  are  quite 
similar,  so  we  can  discuss  their  nomenclature 
together.  The  stem  of  a  lowercase  letter  that 
extends  above  the  body  of  the  letter  is  called 
the  ascender,  and  the  portion  of  a  lowercase 
letter  that  extends  below  the  body  is  called 
the  descender.  The  combination  of  the 
ascendeSTvor  descender  and  the  body  of  a  letter 
ifi--^^e—iame\  height  as  a  capital  letter.  The 
white  areaMnside  of  a  letter  made  with  a 
curved  stro^  js  called^_thfi^6ou;/  or  the 
counter  of  the  leEterTTfie  curvfed^ortion  of 
such  letters  is  called  the  swell  The-^ell  is 
often  made  slightly  wider  •  than  the^s^em 
because  it  is  thick  only  at  one  point,  and 
appears  thinner  than  the  stem  when  made  the 
same  thickness.  This  is  apparent  in  figure, 5-1 
where  the  swell  is  the  same  thickness  as  the 
stem. 

Now  let  us  look  at  the  last  two  letters  in 
figure  5-1.  As  you  can  see,  the  letter  **g"  has 
many  additional  parts  with  different  names. 
However,  the  names  are  self-explanatory  and 
need  no  further  explanation.  The  final  part  of 
letters  shown  in  the  figure  is  the  cross-stroke. 
This  is  the  thin  horizontal  stroke  of  the 
lowercase  letters  f  and  t  and  capital  letters  A 
and  T.  Sometimes  it  is  used  to  refer  to  the 
horizontal  strokes  of  the  capital  letters  E  and 
F. 

Exercises  (049): 

1.  What  is  letter  nomenclature? 


2.  Serifs  are  characteristic  of  what  type  letter? 


3.  What  is  the  curved  outer  portion  of  a 
lowercase  letter  called? 
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Figure  5-2.  Basic  lettering  strokes. 


5-2.  Letter  Formation 

There  are  three  necessary  steps  in  learning 
to  letter.  You  must  know  the  proportions  and 
forms  of  the  letters,  the  order  of  the  strokes 
used  to  produce  each  letter,  and 
composition— the  spacing^  -of  letters  and 
words. 

050.  List  the  two  elements  and  the  six  basic 
strokes  of  lettering. 


Elements  of  Letters,  The  ^letters  of  the 
alphabet  are  composed  of  two  simple 
elements,  with  a  few  variations  due  to  the 
shape  of  certain  letters.  The  first  of  these 
elements  is  called  the  stem  of  the  letter  and  is 
made  with  a  single  downward  stroke.  The 
second  element  is  called  the  round  or  oval  and 
is  made  with  one  or  two  strokes,  depending 
upon  the  size  of  the  letter  being  made.  The 
basic  strokes  used  to  produce  these  elements 
are  shown  in  figure  5-2. 


-ri  ■'I 
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Figure  5-3,  Vertical  *tnught  line  capitals. 
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Figiire  5*4.  Cunred,  and  cunred/rtrtight  line  combinmtiohs  capitals. 


Stems.  The  straight  lines,  vertical  or  slant, 
which  form  a  part  of  more  than  four-fifths  of 
all  the  letters  of  the  alphabet,  are  called  the 
stems.  This  term  does  not  apply  to  those 
horizontal  straight  lines  which  form  a  part  of 
such  letters  as  A,  E,  F,  and  H.  The  following 
rules  are  applicable  in  forming  all  stems: 

•  The  stems  are  uniform  in  weight  or 
thickness  and  have  uniform  height.  When 
using  a  pen  to  produce  letters,  the  width  of 
the  stroke  is  determined  by  the  kind  and  size 
of  the  pen^being  used  rather  than  the  amount 
of  pressure  applied  to  the  pen. 

•  The  stems  are  perfectly  straight  without 
hooks  or  curls  at  either  end. 

•  The  slopes  of  the  stems  are  uniform  and 
parallel  to  each  other  throughout  any  piece  of 
lettering. 

Rounds  or  ovals.  The  second  element  in 
lettering  is  a  perfect  circle  or  a  perfect  ellipse 
with  a  well-determined  ratio  between  its 
major  and  minor  axes.  A  good  proportion  for 
width  to  height  is  5  to  6.  That  is,  the  width  of 
a  parallelogram  inclosing  the  elUpse  should  be 
five-sixths  the  height.  The  ellipse  should 
touch  the  four  sides  of  the  parallelogram  at 
their  midpoints.  These  proportions  give  what 
is  termed  a  standard  vertical  or  slant  oval 


which,  when  properly  combined  with  the 
stem,  produces  the  normal  or  standard  letter. 

Combination  of  stem  and  oval  When  you 
have  mastered  the  technique  of  the  individual 
elements,  it  becomes  a  simple  task  to  combine 
the  elements  to  form  such  letters  as  a,  b,  d,  n, 
r,  and  u.  The  secret  of  success  lies  chiefly  in 
remembering  that  the  stem  becomes  one  side 
of  the  parallelogram.  In  making  the  stem 
tangent  to  the  ellipse  remember  that  they 
must  coincide  with  each  other,  but  in  no  case 
should  the  thickness  of  the  letter  at  the  point 
of  tangency  be  permitted  to  become  greater 
than  the  thickness  of  th^  stem. 

Capital  Letters.  In  learning  the  form  of 
each  letter  and  the  sequence  of  stroke  used  to 
make  each  letter,  let  us  begin  with  the  capital 
letters  that  are  made  entirely  of  straight  lines. 
These  letters  are  shown  in  figure  5-3.  Notice 
that,  except  for  the  W  and  the  I,  the  letters 
have  been  placed  within  a  parallelogram 
which  is  divided  into  six  equal  spaces  botn 
horizontally  and  vertically.  The  letter  I  being 
the  basic  vertical  stroke  makes  it  possible  for 
you  to  determine  the  width  of  each  letter  at  a 
glance.  The  strokes  with  arrows  beneath  each 
letter  jhow  the  direction  and  order  of  strokes 
nised  to  make  each  letter.  As  you  can  see»  the 
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Figure  5-5.  Vertictl  lowercase  letters. 


Strokes  are  usuaUy  made  froih  top  to  bottom 
and  from  left  to  right.  .  u 

The  position  of  the  crossbar  on  the  A,  W, 
-E  and  F  is  an  important  consideration. 
Notice  that  the  crossbar  of  the  A  is  placed 
below  the  vertical  center  and  that  the  crossbar 
of  the  H  is  slightly  above  the  center.  This  is 
done  to  avoid  a  top-heavy  appearance. 
Although  it  is  not  shown  in  this  figure, 
usually  the  crossbar  of  the  E  and  the  crossbar 
of  the  F  are  raised  slightly  to  improve  the 
appearance  of  these  letters. 

Next  let  us  look  at  the  wide  letters  M  and 
-  W.  The'  first  and  last  strokes  of  the  letter  M 


are  vertical,  and  the  center  section  of  the 
Stte^  is  the  same  as  the  letter  V.  The  alternate 
strokes  of  the  letter  W  are  paraUel  Notice 
that  the  two  V-shapes  used  in  its  construction 
are  narrower  than  a  normal  V. 

We  should  also  discuss  the  characteristics  of 
the  letters  X,  Z,  K,  and  Y.  The  strokes  of  the 
X  cross  slightly  •  above  the  center  This 
produces  a  slightly  narrower  width  at  the  top 
of  the  letter  than  at  the  bottom  and  adds 
stabUity.  The  letter  Z  is  stabiUzed  by  makmg 
the  top  stroke  shorter  than  the  bottom 
Notice  that  the  third  stroke  of  the  letter  K,  if 
extended,  would  pass  through  the  top  of  the 


Figure  5-6.  N»iimermls. 
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Figure  5-7.  Inclined  letter  formation. 


first  stroke.  The  appearance  of  the  letter  Y  is 
unproved  by  making  the  branch  of  the  letter 
below  the  vertical  center. 

Now,  let  us  look  at  the  letters  formed  by 
curved  lines  and  combination  of  curved  and 
straight  lines.  These  are  shown  in  figure  5-4. 
The  *  only  letters  of  this  group  that  need 
special  mention  are  the  letters  P,  R,  and  B. 
The  center  horizontal  line  of  these  letters  is 
usually  drawn  slightly  above  the  vertical 
center,  and  the  top  of  the  R  and  B  is  smaller 
than  the  lower  part  to  give  the  letter  stability. 
{This  is  also  true  of  the  top  and  bottom 
curves  of  the  Jetter  S:)  Notice  that  the  letters 
P,  R,  and  B  appear  somewhat  squatty.  Their 
appearance  can  be  improved  by  making  them 
one  square  narrower. 

Small  Letters.  Seven  of  the  small,  or 
lowercase,  letters  are  made  with  strrftght  lines. 
Two  are  made  with  curved  lines,  and  the 
remaining  letters  are  constructed  with  a 
combination  of  curved  and  straight  lines.  The 
lowercase  letters  of  a  Gothic  style  alphabet 
are  shown  in  figure  5-5.  As  you  can  see,  the 
bodies  of  these  letters  are  two-thirds  the 
height  of  the  capitals  and  the  long  stems  or 
ascenders,  with  the  exception  of  the  letter  t, 
which  is  generally  shorter,  are  the  same  height 
as  the  capitals.  The  descenders  of  the  letters  g, 
j,  p,  q,  and  y  extend  as  fai^below  the  lower 
guideline  as  the  ascenders  extend  above  the 
body  of  the  letters. 

Numerals.  Figure  5-6  shows  the  numerals 
used  with  a  Gothic  style  alphabet.  Notice  the 
similarity  between  the  bottoms  of  the  3,  5, 
and  8  and  between  the  top  of  the  2  and  3.' 
The  top  of  most  numerals  is  smaller  than  the 
bottom.  The  height  of  numerals  is  always 
equal  to  the  height  of  the  capital  letters. 

Inclined  Letters.  Inclined  or  italic  letters 
are  made  with  the  same  number  of  strokes 
and  in  the  same  ^sequence  as  vertical  letters. 
Figure  5-7  shows  some  of  the  things  you 
should  know  about  inclined  lettering.  The 
stems  of  slanted  lettering  are  sloped  so  that 
they  make  an  angle  of  67'/^^  with  the 
horizontal  guideline.  This  makes  the  major 


72 


axis  of  curved  letters  slope  at  a  45''  angle. 
Figure  5-8  shows  the  form  of  the'  capitals^ 
lowercase,  and  numerals  of  an  inclined  Gothic 
alphabet.  Compare  these  with  the  vertical 
alphabet  which  you  have  .just  completed 
studying. 

Roman  Style  Letters.  Since  Roman 
style  lettering  is  made  with  thin  and 
in  constructing  this  style  of  letter  is  the 
placement  of  the  heavy  and  light  strokes.  For 
example,  a  very  common  error  for  beginners 
is  placing  the  thick  portion  of  an  A  on  the 
wrong  side.  They  darken  the  left  slope  rather 
than  the  right  slope.  Let  us  see  if  we  can  find 
a  rule  to  determine  which  strokes  should  be 
light  and  which  strokes  should  be  heavy. 

The  design  of  the  Roman  alphabet  (see  fig. 
5-9)  is  based  on  the  reed  peri  used  during  its 
development.  Since  the  nib  of  this  type  of 
pen  IS  wide  and  is  held  parallel  with  the 
honzontal  lines  of  the  paper,  a  downward 
stroke  produces  a  broad  line  and  a  horizontal 

ABCDEFG 
HIJKLMNO  ^ 
PQRSTUV 

WXYZ  a 
abcdefghijkim 
nopqrstuvwxyz 
0123456789  . 

y\^rt  5-8.  Inclined  letters  tnd  numerils. 
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Figure  5-9.  Roman  capital  letters. 


Stroke  produces  a  thin  line.  A  rule  stating  that 
downward  strokes  should  be  thick  and 
horizontal  strokes  should  be  thin  works  fine 
for  the  letters  B,  C,  D,  E,  F,  G,  H,  I,  J,  L,  O, 
P,  Q,  R,  and  T,  but  does  not  work  for  the 
letter  U  or  with  letters  containing  diagonal 

lines.  , 

Let  us  see  why  this  rule  does  not  work  with 
letters  containing  diagonal  lines,  starting  v/ith 
the  letter  N,  shown  in  the  upper  left  comer  of 
figure  5-9.  If<^e  used  this  rale  there,  both 
vertical  lines  ah^  the  diagonal  line  would  be 
thick.  This  would  produce  a  letter  out  of 
character  with  the  other  letters.  If  we  made 


the/two  vertical  lines  thick  and  turned  the  pen 
and  made  the  diagonal  line  thin,  we  would 
have  a  letter  with  much  the  same  character  as 
the  letter  but  one  which  would  be  very 
weak  in  design.  The  thick  vertical  strokes 
would  have  a  tendency  to  divide  the  letter 
and  would  appear  as  part  of  the  preceding  and 
succeeding  letters.  Therefore,  the  diagonal  of 
the  N  is  made  thick  and  the  pen  turned 
sideways  to  make  the  vertical  strokes  thin. 
This  gives  the  N  the  right  characteristics  and 
produces  a  strong,  well-designed  letter.  The 
last  vertical  stroke  of  the  U  is  made  thin  for 
the  same  reason. 
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Figure  5-10.  Roman  lowercase  letters. 
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As  you  can  see  in  figure  5-9,  the  letters  A, 
V,  Z,  X,  Y,  M,  W,  and  K  also  contain  diagonal 
lines  and  deserve  special  consideration.  With 
the  exception  of  the  letter  Z,  all  diagonal  lines 
which  are  made  downward  from  left  to  right 
are  thick  and  those  made  downward  from 
nght  to  left  are  thin.  You  do  not  even  have  to 
remember  which  is  thick  and  which  is  thin. 
Just  try  drawing  them.  Notice  how  much 
easier  it  is  to  turn  the  pen  to  make  the 
nght-to-left  diagonals  thin  than  it  is  to  make 
the  left-to-right  diagonals  thin.  However,  you 
will  have  to  twist  your  wnst  considerably  to 
make  the  thick  stroke  of  the  letter  Z. 

We  have  several  other  suggestions  to  offer 
you  in  regard  to  his  Roman  style  of  letter. 
The  beauty  depends  to  a  great  extent  upon 
uniform,-,  clear-cut  spurs  or  serifs,  and  a 
uniform  stroke  of  all  the  characters.  Notice 
that  the  serif  is  made  with  a  thin  horizontal 
line  across  the  end  of  each  thick  and  thin 
stroke  and  with  circular  arcs  rounding  off  the 
area  between  the  flat  edge  of  the  serif  and  the 
stem  of  the  letter.  Notice  that  the  flat  portion 
of  the  serif  extends  beyond  the  stems  and  the 
arcs  do  not  extend  to  the  end  of  the  serif. 
They  become  tangent  midway  between  the 
edge  of  the  stem  and  the  end  of  the  serif. 

The  width  of  the  round  or  oval  stems  of 
such  letters  as  0,  C,  G,  and  D  is  slightly 
greater  fifian  the  straight  stems.  Since  the 
round  or  oval  stem  is  full  width  at  one  point 
only,  it  will  appear  narrower  than  the  straight 
stem  if  it  is  not  made  slightly  wider  at  this 
point.  Round  letters,  such  as  the  0,  C,  and  G, 
and  pointed  letters,  such  as  the  A  and  V,  are 
affected  by  the  same  optical  illusion.  The 
round  parts  of  letters  and  the  pointed  parts  of 
letters  should  extend  slightly  beybnd  'the 
guidelines  to  overcome  this  illusion; 
otherwise,  these  letters  will  appear  smaller 
than  the  other  letters. 

The  dimensions  of  the  letters  shown  in 
figure  5-9  are  based  on  the  width  of  the  stem. 
As  you  can  see,  these  capital  letters  are  seven 
units  high  and  vary  in  width.  Study  them 
until  you  are  familiar  vnth  each  letter  and  its 
dimensions;  then  use  figure  5-10  to  become 
familiar  with  the  lowercase  letters.  Notice 
that  the  long  stems  of  the  small  letters  are 
equal  in  height  to  the  capitals  but  are  slightly 
narrower  in  width.  Using  a  narrower  width  for 
small  letters  gives  them  the  same  general 
appearance  as  the  capitals. 


Exercises  (050): 

1.  What  are  the  two  elements  of  lettering? 
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2,  What  is  astern? 


3.  What  are  the  six  basic  strokes  that  are  used 

in  lettering?  V 


4.  What  is  the  standard  slope  of  inclined 
letters? 


5.  Why  should  the  point  of  the  letter  A 
extend  slightly  beyond  the  guidelines? 


5-3.  Principles  of  Lettering 

To  be  effective,  lettering  must  be  legible. 
This  means  that  th*  letters  must  be 
well-proportioned,  stable,  uniform,  and 
properly  spaced.  We  have  already  discussed 
proportions  of  letters  during  our  discussion 
on  forming  letters.  Let  us  review  and  add  to 
this  information. 


Q51.  List  the  three  principles  of  good 
lettering. 


Proportion.  As  we  said  before,  there  is  no 
standard  for  the  proportions  of  letters.  Some 
are  tall  and  thin,  some  are  squat  ahd  thick, 
others  are  light,  and  still  others  ar^  heavy. 
Each  style  has  its  own  proportion  of  width  to 
heigbt  and  its  own  proportion  of  thin  lines  to 
thick  lines.  Each  type  of  letter  may  be  used 
effectively  under  certain  conditions. 

Lettering  classified  as  Old  Roman  is  usually 
10  times  as  high  as  the  width  of  the  stems. 
The  thin  strokes  of  these  letters  are  usually 
half  as  wide  as  the  thick  strokes.  The  height 
of  the  lowercase  letters  are  six-tenths  the 
height  of  the  capitals.  These  proportions  give 
this  lettering  a  slightly  heavy  appearance,  but 
one  which  is  quite  legible. 

In  Modem  Roman  lettering,  the  width  of 
the  stem  is  wider  than  the  Old  Roman  style. 
The  capital  letters  are  made  7  units  high  and 
ithe  lowercase  letters  4.  At  the  same  time,  the 
width  of  the  thin  strokes  of  the  letters  is 
reduced  to  a  thin  line.  The  contrast  between 
the  very  thin  and  the  very  thick  lines  of  these 
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Figure  5-11.  Unifonaity. 
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letters  produces  lettering  that  is  pleasing  in 
appearance  and  very  legible. 

:  Stability.  During  our  discussion  of  letter 
formation,  we  also  discussed  stabilizing  some 
letters  by  constructing  their  centers  slightly 
off  center.  The  crossbar  of  the  A-  is  placed 
below  center,  and  the  upper  parts  of  the  Y 
connect  to  the'  lower  stem  below  center  to 
stabilize  these  letters.  The  crossbars  of  the  H, 
E,  and  F  aure  placed  slightly  above  center,  and 
the  top  portions  of  the  P,  R.  B.  X,  and  S  are 
made  smaller  than  half  the  letter  to  give  these 
letters  a  more  stable  appearance.  The  tops  of 
the  letters  K,  X,  and  Z  are  made  narrower 
than  the  bottoms  for  the  same  reason. 

Uniformity.  Perhaps  the  most  important 
principle  of  good  lettering  is  the  principle  of 
uniformity.  As  stated  in  -figure  5-11, 
uniformity  in  the  height,  inclination,  and 
spacing  is  essential  for  gpod  lettering.  We  can 
add  to  this  by  inciuding  uniform  weight  of 
lines  as  a  requirement  for  good  lettering. 
Now,  let  us  see  how  these  principles  are 
applied. 

Height  and  inclination.  The  easiest  way  to 
insure  that  the  height  and  inclination  of 
lettering  are  uniform  is  to  use  guidelines.  To 
keep  the  height  of  the  letters  uniform,  you 
should  draw  light  horizontal  lines  indicating 
the  top  and  bottom  of  capital  letters.  If  your 
lettering  includes  both  capit^d  and  lowercase 
letters,  you   add  •  another  horizontal  line 
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Figure 


5-12.  Uting  dividers  to  space  guidelines. 


indicating  the  height  of  the  lowercase  letters. 
Figure  5-12  shows  you  how  to  use  dividers  to 
obtain  uniform  spacing  of  these  guidelines. 
After  you  have  determined  the  height  of  the 
lettering  and  the  space  between  lines  of 
lettering,  you  set  the  divider  for  a  span  equal 
to  this  height  and  space.  Then,  starting  at  the 
bottom  of  the  first  line  of  lettering,  you  step 
off  the  number  of  lines  desired,  as  shovm  on 
the  left  side  of  the  vertical  line  in  the  figure. 
Then,  usmg  the  same  setting,  you  start  at  the 
top  of  the  furst  line  of  lettering  and  step  off 
the  same  nmnber  of  times  as  shown  on  the 
right  side  of  the  vertical  line.  By  dravnng 
horizontal  lines  through  the  pomts 
established,  you  obtain  the  top  and  bottom 
guidelines  for  the  height  of  capital  letters.  If 
you  want  a  guideline  for  lowercase  letters, 
you  measure  the  desired  height  for  these 
letters  on  the  first  line  of  lettering,  and  then 
use  the  divider  as  you  did  before. 

If  you  have  many  lines  of  lettering  to  do, 
you  will  find  that  a  lettering  instrument,  such 
as  the  Ames 'lettering  instrument,  shown  in 
figure  5-13,  is  quite  useful  and  timesaving. 
The  top-left  section  of  the  figure  shows  how 
to  use  this  instrument  in  conjunction  with  a 
T-square  to  draw  properly  spaced  horizontal 
guidelines.  You  insert  the  poiiA  of  your  pencil 
through  one  of  the  holes  and  the  instrument 
slides  along  the  T-square  as  you  move  the 
pencU  across  the  page.  The  enlarged  drawmg 
of  the  instrument  in  the  lower  part  of  the 
figure    shows    the    details    of    how  the 
instrument  is  used.  Notice  the  three  rows  of 
holes  in  the  circular  disc  of  the  instrument. 
The  holes  in  the  center  row  are  equally  spaced 
and    are   used    to   draw   equally  spaced 
guidelines.  The  two  outside  rows  are  used  for 
drawing  both  capital  and  lowercase  guidelines. 
The  left  row  gives  a  proportion  of  3  to  5^or 
lowercase  and  capital  letters,  and  the  right 
row  gives  a  proportion  of  2  to  3. 

The  design  of  this  particular  lettering 
instrument  permits  you  to  use  it  for  lettering 
ranging  in  height  from  2/32  to  10/32  inch. 
These  various  heights  are  attainable  by 
rotating  the  circular  disc  within  the  outer 
section  of  the  instrument.  The  numbers  along 
the  bottom  edge  of  the  disc  are  used  to  set 
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to 


INCLINED  GUIDE  LINES 


-0     o      ^/  \ 

o    o  ^o—  

4 

0      0  \ 
-0  0   

\  CAPITALS 

o  o  

O-  1 

o  / 

'      \      lower  case 

>  // 

t  ' 

.^^/ 

•  \       y  STRAIGHTEDGE  . 

Fi^re  5-13.  Ufing  «  lettering  instrument. 


the  instrument  for  a  particular  letter  height. 
The  number  aligned  with  the  index  on  the 
outer  section  of  the  instrument  indicates  the 
height  'of  the  lettering  in  thirty-seconds  of  an 
inch.  In  figure  5-13,  the  number  8  is  aligned 
with  the  index;  therefore,  the  distance 
between  the  capital  letter  guides  produced  by 
this  setting  ia  8/32  inch  or  1/4  inch. 

By  standing  *the  instzjiment  on  its  greater 
sloping  side,  you  can  use  it  for  drawing 
guidelines  which  slope  at  an  angle  of  67V^ 
with  the  horizontal  (see  the  upper-right 
portion  of  figure  5-13).  Of  course^  you  can 
always  use  a  triangle  and  T-square  to  draw 
these  lines  if  a  lettering  instrument  is  not 
available.  The  setup  of  the  triangle -and 
T-square  is  shown  in  figure  5-14. 

Spacing*  It  is  so  important  to  obtam  uni- 
form spacing  in  lettering  that  we  will  discuss 
the  principles  of  spacing  as  a  separate  topic. 


Exercises  (051):  . 

1.  What  are  the  three  principles  that  must  be 
considered  in  the  design  of  good  lettering? 


2.  Which  of  the  three  principles  ns  considered 
the  most  important? 
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5-4,  Principles  of  Spacing 

Since  we  see  things  that  are  close  together 
as  a  unit  rather  than  single  items,  the  letters 
making  up  the  text  of  a  page  of  lettering 
appear  to  us  as  words  rather  than  individual 
letters.  If  it  were  not  for  the  spaces  between 
words,  this  would  not  be  so.  Without  these 
spaces,  we  would  see  only  lines  of  lettering 
^yhich  would  be, almost  impossible  to  read. 
Improper  spacing  between  letters  of  words 
produces  a  like  effect  by  breaking  up  words 
into  groups  of  letters  without  meaning. 
Therefore,  we  can  conclude  that  proper 
spacing  of  letters  and  words  does  more  for  the 
appearance  and  legibility  of  a  block  of 
lettering  than  the  forms  of  the  letters 
themselves. 

Since  the  letters  of  the  alphabet  vary  in 
shape,  the  letters  in  words  cannot  be  spaced 
at  a  uniform  di^ance  from  each  other.  They 


Figui*  5-14.  Dniwing  directiowd  juidelinei  for  incUncd  letUrt. 


are  arranged  so  that  the  areas  of  white  space 
{the  inegular  backgrounds  between  the 
letters)  are  approximately  equal.  EJJtdi  letter  js 
'spaced  with  reference  to  its  shape  and  the 
shape  of  the  letter  preceding  it.  Adjacent 
letters  with  straight  sides  are  spaced  farther 
apart  than  those  with  curved  sides.  Sometimes 
combinations  such  as  LT  or  AV  may  even 
overlap.  Definite  rules  for  spacing  are  not 
successful;  it  is  more  a  matter  of  judgment 
and  sense  of  design. 

J 

052.  Answer  three  questions  about,  good 
spacing* 


Spacing  Between  Letters.  Let  us  use  the 
lettering  in  figure  5-15  to  go  over^some  of  the 
importJmt  details  of  spacing.  Lettering  will 
form  words  more  successfully  if  the  area  of 
spaces  between  the  letters  is  equal  to  the  area 
inside  the  letters.  For  example,  look  at  the 
^  first  two  lines  of  figure  5-15.  In  the  top  line, 
after  eliminating  the  area  occupied  by  the 
diagonal  line  of  the  N,  we  divided  the  area 
between  any  two  parallel  sides  into  three 
equal  parts.  We  used  these  divisions  to  arrive 
at  the  desired  spacing  between  the  N  and  the 
I,  'bet^yeen  the  I  and  the  N,  etc.  Since  the 
spaces  between  the  letters  and  within  the 
letter  appear  to  be  equal  to  each  other,  the 
letters  are  seen  together  as  one  word. 


I  rm  rm  rm     rm  rm 

NINNI 


NONE 


m  m 


NONE 


n  m 


NOON 
LTAVJ 
LAJYT 

Flguw  6-15.  Spacing  bttween  c»plUl  letter*. 
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SPACES  BETWEEN  WORDS 
SHOULD  BE  EQUAL  TO  THE 
WIDTH  OF  THE  LETTER  0. 

Figure  5-16.  Sptctng  between  word*. 


Look  what  happens  in  the  second  line 
Notice  that  the  letters  are  stilJ  the  same  three 
measured  units  apart,  but  because  the  round 
letter  O  does  not  occupy  the  full  area  of  a 
straight-sided  letter,  the  area  between  the  N 
and  O  appears  much  larger  than  the  area 
between  the  N  and  E.  When  we  reduce  the 
distance  between  ^the  N  and  O  to  two  units,  as 
shown  m  the  third  line,  the  spaces  appear 
equal.  Notice  how  much  better  the  letters 
form  the  word  NONE  in  the  third  line  than 
they  do  m  the  second  line.  Reducing  the 
distance  between  two  round  letters  to  one 
.^^jn^ured  unit,  as. shown  in  the  fourth  line 
produces  the  same  effect. 

The  spacing  of  letters  that  have  odd 
outlines  deserves  special  consideration.  When 
certain  of  these  letters  follow  one  another  in  a 
word,  obtaining  good  spacing  between- them  is 
no  problem.  The  easily  spaced  combinations 
are  shown  in  the  fifth  line  of  figure  5-15.  The 
design  of  these  letters  •  even  permits 
overlapping  to  obtain  the  desired  spacing.  The 
combinations  shown  in  the  last  line  of  figure 
5-15  present. a  more  difficult  problem  of 
spacing.  In  fact,  you  may  have  to  shorten  the 
horizontal  stroke  of  some  letters  to  obtain 
good  spacing.  For  instance,  the  cross  stroke  of 
the  L  and  T  can  be  shortened  to  obtain  better 
spacing  between  an  LA  or  a  YT  combinations. 
As  we  said  before,  it  is  a  matter  of  using  good 
judgment  rather  than  a  set  rule. 

Spacing  Between  Words.  The  spacing 
between  virords  is  as  important  as  the  spacing 
between  letters  of  words.  There  must  be 
enough  space  to  separate  letters  into  words, 
but  the  space  cannot  be  so  large  that  it  tends' 
to  force  us  to  read  one  word  at  a  time,  A 
good  general  principle  to  follow  is  stated  in 
figure  5-JL6.  Some  letterers  like  to  use  the 
letter  N  for  this  purpose,  and  others  obtain 
correct  spacing  by  sketching  in  a  correctly 
spaced  letter  I.  Using  the  O  is  much  easier  and 


quicker,  since  you  need  to  make  only  a 
curcular  movement  above  the  paper  next  to 
the  last  letter  of  the  word. 

Naturally,  the  design  of  the  last  letter  of  a 

ZZa  ^^'^  •^"^^  °f  following 

word  must  be  considered  in  determining  the 
amount  of  space  you  leave  between  words. 
You  should  leave  a  space  equal  to  a  capital  O 
between   two  full-height,  straight-stemmed 
letters,  such  as  H  and  E,  or  d  and  fe  Of 
course,  if  one  or  both  of  the  letters'  are 
curved    the  space  should  be  appropriately 
reduced.  If  the  two  letters  involved  are 
lowercase  letters,  use  the  lowercase  letter  o  to 
determine  the  width  of  the  space.  If  one  letter 
IS  full  height  and  the  other  in  lowercase  letters 
are  waist  high,  such  as  Ln  the  words  "bid 
now   or   on  him, "  the  space  would  be  equal 
to  half  a  capital  O  and  half  a  lowercase  o. 

Spacing  Between  Lines.  The  clear  distance 
between  lines  may  vary  from  1/2  to  Vh  times 
the  height  of  the  letter,  but  for  sake  of 
appearance  it  should  not  be  exactly  the  same 
as  the  letter  height.  The  lettering  instmment 
provides  spacing  that  is  two-thirds  of  the 
letter  height.  As  you  can  see  in  figure  5-17 
this  spacing  allows  room  for  descenders  of 
lowercase  letters  and  stUl  maintains  a  clear 
space  of  1/3  letter  height  between  the 
descenders  and  capital  letters,  or  ascenders  of 
lowercase  letters  of  the  following  line.. 

Centering.  Since  the  letters  of  an  alphabet 
vary  m  width,  it  is  rather  difficult  to  center  a 
line  of  lettenng  in  a  given  area.  Ending  a  line 
of  lettering  at  a  particular  point  is  equally 
N  difficult.  Figure  5-18  shows  one  way  of 
solvmg  this  problem.  First,  take  a  piece  of 
scratch  paper  and  letter  the  required  line. 
Then,  place  this  line  of  lettering  above  the 
area  m  which  your  lettering  is  to  go  and 
center  it.  Finally,  use  the  sample  as  a  guide  to 
lettering  the  desired  line. 


lificJt;  Of 


S3X 


CENTERING  LINES 


PJ««i*  5-17.  Sp«cing  between  lines. 
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CENTERING  LINES 

Figure  5-18.  Centering  a  lint  of  lettenng. 

00 


Exercises  (052): 

l.When  lettering,  why  must  you  vary 
— width  ofthelTJaces^betweeTrletters? 


the 


2.  What,  if  any,  is  the  difference  in  the  width 
of  the  space  between  the  words  **send  by'' 
end  the  words  **go  by"? 


3.  How  many  guidelines  should  you  use  for 
each  line  of  lowercase  lettering? 


5-5.  Lettering  Tools  and  - 
Their  Use 

As  mentioned  before,  the  trend  in  lettering 
is  toward  simphfication  and'  speed  of 
production,  and  the  style  of  lettering  is 
influenced  by  the  tools  used  to  produce  it. 
Therefore,  let  us  discuss  some  4>f  the  tools  of 
lettering  and  their  uses. 


053.  List  characteristics  of  good  penciling, 
and  of  good  pencil-holding  technique. 

PencUs.  Good  pencil  technique  is  as 
essential  in  lettering  xas  in  drawing.  The 
quality  of  lettenng  is  ^portant,  whether  it 
appears  on  finished  wofk  to  be  reproduced  by 
one  of  the  printing  processes  or  as  part  of  a 
pencil  drawing  to  be  inked.  PencUing  must  be 
clean,  firm,  and  opaque.  The  lettering  pencil 
should  be  selected  carefuUy  by  trying  it  out 
on  the  paper.  In  one  instance,  the  same  grade 
of  pencil  may  be  chosen  as  that  used  for  the 
drawing;  in  another,  a  grade  or  two  softer 
may  be  preferred.  You  should  sharpen  the 
pencil  to  a  long,  conical  point  and  then  round 
the  lead  slightly  on  the  end  so  that  it  is  not  as 
sharp  as  a  point  used  for  drawing. 

The  first  requirement  in  lettering  is  holding 
the  pencil  or  pen  correctly  and  comfortably. 
Place  the  thumb,  forefinger,  and  second  finger 
on  alternate  flat  si^is  and  rest  the  third  and 
fourth  fingers  on  the  paper.  Drdw  vertical, 
slanting,  and  curved  strokes  with  a  steady, 
even  finger  movement.  Draw  horizontal 
strokes  with  similar  movements,  but  with 
some  pivoting  of  the  hand  at  the  wrist.  Exert> 
pressure  that  is  finn  and  unifonm  but  not  so 


Figure  5-19.  Use  of  double  pencils. 

heavy  as  to  cut  grooves  in  the  paper.  To  keep 
the  point  symmetrical,  form  the  habit  of 
rotating  the  pencil  after  every  few  strokes. 

PencUs  may  be  used  in  pairs  when  you  need 
large,  thick  letter^  such  as  those  used  on 
posters.  By  taping  the  pencils  together  as 
shown  in  figure  5-19,  you  can  draw  both 
edges  of  the  letter  it  the  same  tim.e.  You  can 
maintain  the  same  thickness  throughout  the 
stroke  by  keeping  the  two  points 
perpendicular  to  the  stroke.  By  keeping  the 
points  parallel  to  the  line  of  lettering,  you  can 
use  the  double  pencils  to  form  thin  and  thick 
strokes.  The  same  technique  can  be  used  witli 
a  pencft  which  ha^a  broad,  flat  lead.  These 
broad  lead  pencils  are  very  useful  in  layout 
work  where  you  need  to  see  the  effect 
produced  by  certain  types  of  lettering. 


Exercises  (053): 

1.  PencUing  must  be. 


J  and 


2.  What  is  the  first  requirement  in  lettering? 


054.  List  some  of  the  types  of  lettering  pens. 

Lettering  Pens.  There  are  many  steel 
writing  pens  that  are  adaptable  to  or  made 
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HEAVY  HAND 


PRESSURE  ON  PEN  SPREADS 
J^^POI'^TS  AND  ALLOWS  INK 
to  FLOW  TOO  RAPIDLY,  ^ 
RESULTING  LINES  ARE  WIDE  AND  UNEVEN 


WRONG 


U6HT  TOUCH 


WHEN  ONLY  SLIGHT  PRESSURE 

IS  USED  THE  LINES  ARE  THIN  AND  EVEN 


RIGHT 


Figure  5-20.  Using  a  lettering  pen. 


especially  for  lettering.  The  size  of  the  strokes 
made  by  these  pens  varies  with  the  make  and 
number  of  the  pen.  They  are  used  principally 
for  average-size  lettering  on  working  drawings. 
Several  special  pens  made  in  sets  of  graded' 
siz^  have  been  designed  for  single-stroke 
lettering  and  are  particularly  useful  for  large 
work  Among  these  are  Barch-Payzant  pens 
speedball  pens,  technical  fountain  pens/ and 
Leroy  pens.  ' 

Common  Lettering  Pens.  Some  pens  are 
equipped  with  an  ink-holding  reservoir  which 
eLminates  the  problem  of  frequent  refilling  A 
simdar  device  can  be  made  by  bendings^rass 
stnp  from  a  paper  fastener,  a  strip  cut  frSm  a 
piece  of  ^him  brace,  or  a  strip  cut  from  a  thin 


aluminum  pie  plate.  This  strip  is  inserted" in 
the  penholder  sO'  that  the  curved  end  touches 
the  pen  nib  at  a  ppint  just  below  the  eye 

There  are  several  things  to  remember  about 
the  care  and  use  of  lettering  pens: 

•  A  new  pen  should  be  wet  and  wiped 
thoroughly  to  remove  the  oil  film. 

•  A  lettering  pen  well  broken  in  by  use  is 
worth  more  than  a  new  one.  It  should  be  kept 
with  care  and  never  lent. 

•  A  pen  that  has  been  dipped  into  writing 
mk  should  never  be  put  mto  drawing  ink. 

.  •  When  in  use.  a  pen  should  be  wiped 
clean  frequently  with  a  cloth  penwiper. 

•  A  pen  should  be  cleaned  thoroughly 
before  it  is  put  away. 
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Figure  5-21.  Built-up  letter. 

• 

To  use  a  pen,  set  it  firmly  into  a  penholder. 
Many  prefer  to  applyjnk  to  the  pen  with  the 
J  quill  filler,  toughing  the  quill  to  the  underside 

/  of  the  penpoint  rather  than  dipping  the  pen 

into  the  ink  bottle.  If  you  dip  the  pen,  you 
should  shake  the  surplus  ink  back  into  the 
bottle  or  touch  the  pen  against  the  neck  of 
the  bottle  as  you  withdraw  it.  Lettering  with 
too  much  ink  on  the  pen  will  likely  result  in 
blotting  or  bleeding,  especially  whesre  two 
lines  meet. 

When  lettering  with  a  pen,  hold  the 
penholder  finnly  but  without  pinching  (see< 
the  bottom  illustration  of  fig.  5-20).  Make  the 
strokes  of  the  letters  with  a  steady,  even 
motion  and  with  a  slight,  uniform  pressure  on 
the  paper  that  will  not  spread  the  nibs  of  the 
pen.  Figure  5-20  shows  the  results  of  the  right 
and  wrong  way  of  using  the  pen. 

A  Jight  touch  is  extremely  important  when 
using  a  common_lettering  pen  to  make, 
filled-in  or  built-up  TettersTAs  shown  in  the 
right  illustration  of  figure  5-21,  the  tip  of  the 
pen  should  just  barely  touch  the  paper. 
Actually,  it  is  better  if  the  point  is  held  so 


that  it  touches  only  the  ink,  because  thenjt 
cannot  pick  up  fiber  from  the  paper.  Here  is 
how  you  should  use  the  pen  for  this  type  of 
operation.  First,"  appiraffood  supply  ofnnk 
to  the  center  of  the  stem.  Then,  use  the  point 
of  the  pen  to  push  the  ink  out  to  the  pencil 
outline  of  the  letter  as  you  move  the  pen  back 
and  forth  through  the  supply  of  ink.  Work  the 
ink  gradually  along  the  entire  side  of  the 
stem.  Then  turn  the  paper  around  and  work 
the  ink  to- the  other  edge.  Never  try  to  work 
the  ink  toward  your  hand;  always  work  it. 
away  from  your  hand. 

Technical      Fountain     Pens.  Several 
manufacturers  make  technical  fountain  pens, 
which  are  very  convenient  for  ink  lettering 
and  inking  drawings.  The  advantage  of  these 
pens   over   ordinary   pens   is  their  great 
ink-holding  capacity.  A  cutaway  view  of  a 
typical  technical  fountain  pen  is  shown  in 
figure  5-^2.  Let  us  use  this  figure  to  learn  a 
'  little  about  how  this  pen  works.  As  you  can 
see,  the  end  cap  can  be  unscrewed  from  the 
barrel  of  the  pen  to  expose  the  Pj^nger 
control  knob.  This  knob  is  used  to  fill  the 
pen.  When  you  turn  the  knob,  threads  force 
the  plunger  down  the  cylinder  of  the  barrel 
and  force  out  any  ink  left  in  the  reservoir.  To 
fill  the  reservoir,  place  the  point  end  of  the 
pen  into  the  ink  and  turn  the  control  knob 
clockwise.  As  the  plunger  is  pulled  up  through 
the  cylinAr,  the  suction  pulls  ink  through  the 
point  to  fRUhe  reservoir.  After  you  wipe  the 
point  clean  and  replace  the  end  cap,  the  pen  is 
ready  for  use. 

Now  let  us  look  at  the  business  end  of  the 
pen.  The  drawing  does  not  show- the  details 
too  clearly,  so  follow  our  explanation  closely. 
The  '  cleaning  pin  (you  can .  see  only  the 
portion    protruding   from   the  cylindrical 
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WIDTH  OF 
A-5  PEN 
"^.4  STROKES 


Figure  5-23.  Speedball  pens. 


portion  of  the  pen  point)  is  free-floating.  The 
thin,  needlelike  portion  of  the  cleaning  pin 
runs  through  the  pen  point  and'  the  hollow 
tip.  As  you  shake  the  pen,  the  cleaning  pin 
moves  back  and  forth  to  clear  the  ink 
passageway.  Notice  the  inclined  grooves  and 
hole  in  the  outside  surface  of  the  cylindrical 
portion  of  the  pen  point  These  allow  the  ink 
in  the  reservoir  to  enter  the  hollow 
passageway  through  the  center  of  the  point 
The  drawing  at  the  bottom  of  the  figure 
shows  the  pen  fully  assembled  with  its 
protective  cap  in  place. 

Some  technical  writing  pens  have  a  plastic 
cylindrical  cup  for  an  ink  reservoir  instead  of 
the  type  we  have  just  discussed.  This  cup  fits 
over  the  ^nd  of  the  head  of  the  pen.  To  fill 
the  reservoir,  you  merely  remove  the  cup,  fill 
it  with  an  eye  dropper,  and  replace  it. 

When  using  the  teclfnical  writing  pen,  yqu 


Figure  5-24.  Using  a  t peedbtil  pen. 


Figure  5-25.  Texf  writer  pen. 

must  hold  it  so  that  it  is  perpendicular  to  the 
paper  at  all  times.  If  you  don't,  the  point  will 
wear  on  the  edge,  forming  an  elliptical  writing 
surface.  With  the  writing  surface  in  this 
condition,  the  pen  will  not  produce  lines  of  a 
constant  width, 

Speedball  Pens.  These  pens  come  in  a 
variety  of  sizes  and  shapes  identified  by  a 
letter  and  number.  Figure  5-23  shows  the  A 
and  B  types  of  speedball  pens.  It  also  shows 
the  width  and  shape  of  the  strokes  made  by 
pens  of  different  sizes.  Notice  that  the  nibs  of 
the  type  A  speedball  pen  form  a  flat,  square 
writing  surface,  and  that  the  strokes  made  by 
this  type  of  pen  have  uniform  width  and 
square  ends.  The  nibs  of  the  type  B  peiWorm 
a  round  writing  surface,  and  the  str;okes  have 
uniform  width  and  round  ends.  The  nibs  of 
the  type  C  pen,  shown  in  figure  5-24,  form  a 
chisel-sh aped  point  which  produces  thin  and 
thick  strokes.  Therefore,  this  type  point  can 
be  used  to  make  Roman  style  letters.  The 
D-type  speedball  pen  is  similar  to  the  B-type, 
except  that  the  nibs  are  oval  in  shape.  The 
letters  produced  by  D-type  pens  have  thin 
strokes  which  are  only  slightly  thinner  than 
the  thick  strokes. 
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Figure  5-26.  Angle  of  lettering  surface  and  po«ition  of 
^^tering  pen. 


Figtire  5-27.  Brughet. 

You  prQbably  noticed  that  speedball  pens 
^  are  equipped  with  a  brass  clip  that  serves  as  a 
well  for  the  ink.  Use  the  quill  attached  to  the 
,  stopper  of  the  ink  bottle  to  fill  the  well  and 
keep  the  outside  o^the  nibs  clean.  Wipe  the 
pen  often  with  a  piece  of  lintless  cloth  while 
you  are  working,  and  clean  it  carefully  before 
you  put  it  away. 

Text  writing  pens.  As  you  can  see  in  figure 
5-25,  text  writing  pens  are  similar  to  type-C 
speedball  pens.  However,  they  are  made  of 
much  thinner  steel  and  therefore  produce  a 
much  sharper  stroke.  They  do  not  come 
equipped  with  an  inkwell,  but  you  can  easily 
build  one,  as  we  described  earlier  in  this 
chapter.  Notice  ihat  the  nibs  of  these  pens  are 
slanted  so  that  they  touch  the  paper  when  the 
pen  IS  held  in  a  natural  writing  position 

You  will  find  that  both  the  position  of  the 
pen  and  the  working-  surface  are  important 
when  usmg  either  the  text  pen  or  speedball 
pen.  The  calligraphers  of  ^  Middle  Ages 
worked  ^th  an  angle  of  a«|Out  60'' .  At  this 
angle,  you  sel*  the  letters  in  true  size  and 
shape;  that  is,  you  do  not  see  them 
foreshortened.  As  you  can  see  in  figure  5-26, 


the  position  of  the  pen  is  almost  horizontal 
when  the  writing  surface  is  slanted  60"^.  This 
is  important  to  the  proper  flow  of  irvk.  At  this 
slight  angle,  the  ink  flows  smoothly  and  is  not 
as  apt  to  flow  excessively  as  it  would  at  a 
steeper  angle.  ^ 


Exercises  (054): 

1.  List  four  special  pens  used  for  single-stroke 
lettering. 


2.  Which  is  better,  a  pen  well  broken  in  from 
use  or  a  new  one? 


3.  Very  briefly  describe  a  speedball  pen. 


055.  Describe  lettering  brushes  and  how  they 
differ  from  other  brushes. 


Lettering  Brushes.  The  hair  and  bristles 
used  in  the  manufacture  of  brushes  vary 
greatly  in  quality.  Since  the  greatest  element 
in  brushmaking  is  skilled,  expert 
workmanship,  the  best  brushes  are 
uncommon  and  expensive.  The  tips  or  points 
of  brushes  are  the  natural  ends  of  the  hair  or 
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Figure  i)»28,  B||;ush  lettering. 

83^ 


bristle.  They  are  never  cut  or  trimmed.  AD 
shaping  and  trimming  is  done  at-the  root  end 
by  skillful  operations. 

The  best  brushes  are  called  red  sable.  The 
one  source  of  hair  for  these  brushes  is  the  tail 
of  the  Kolinsky  (known  also  as  Siberian  mink 
or  red  Tartar  marten).  No  other  hair  has  the 
same  springiness,  durability,  and  combination 
of  desirable  properties.  This  hair  is  delicately 
tapered;  the  tip  is  slender  and  comes  to  a  fine 
point  Beyond  its  widest  point,  or  "belly,** 
^  the  hair  again  tapers  somewhat  toward  the 
boot.  Some  brushes  are  set  so  that  the 
opening  of  the  ferrule  grips  the  belly;  others 
are  gripped  above  or  below  this  point.  The 
character  of  the  brush  varies  according  to  the 
point'at  which  the  hairs  are  pripp^ji. 

The  best  brushes  are  shaped  like  brush  B  in 
figure  5-27.  There  must  be  no  concavity 
between  the  tip  and  the  belly.  An  exaggerated 
form  of  the  concave  tip  is  shown  in  brush  A. 
Inferior  brushes  assume  this  "lemon-seed** 
shape  when  wet.  Watercqlor  brushes  may  be 
examined  by  wetting  them,  shaking  out  the 
water,  and  shaping  them  ^gently  with  the 
fingers.  Resiliency  of  hair  and  sharpness  of 
point  are  apparent  to  the  experienced  user. 

There  are  several  other  kinds  of  hairs  used 
in  brushes.  Camel-hair  brushes  (actually  made 
firom  neariy  every  kind  of  animal  except 
camels;  the  best  grades  are  made  from  squinel 
tails)  are  too  soft  and  do  not  have  sufficient 
elasticity  or  "life^*  for  average  professional 
purposes.  Howeve^^  th^ir  floppy  or  moplike 
character  makes  ^em  desirable  for  some 
manipulations.  An  inferior  grade  of  sable  is 
generally  preferable  to  camel  hair. 

Brushes  come  in  three  major 
shapes— rounds,  brights,  and  flats  (see  brushes 
B,  C,  and  D  in  fig.  5-27).  The  rounds  come  to 
points  which  vary  from  fairly  sharp  to  quite 
blunt.  The  brights  are  flat,  have  rather  sharp 
comers,  have  less  thickness  of  bristle,  and 
their  length  is  about  V/z  times  their  width. 
The  flats  are  broad  with  flattened  ferrules  and 
straight  edges.  The  length  is  about  2V4  times 
their  width. 

Showcard  or  tempera  watercolor  is  usually 
used  for  bwsh  let^ring.  You  may  use  either  a 
flat  or  round  tipped  brush.  These  come  in 
different  sizes  for  making  different  sizes  of 
lettering.  If  you  are  fortunate  enough  to  have 
red  sable  brushes,  you  should  handle  them 
carefully.  Store  them  in  a  glass  or  jar,  placing 
the  handle  down  .and  the  bristles  up.  In  this 
position,  the  brush  end  does  not  rest  against 
any  surface,  and  there  is  less  chance  of  the 
bnstles  becoming  distorted.  Always  wash 
your  bhishes  carefully  and  shape  them  before 
putting  them  away. 


Lettering  with  a  brush  may  be  a  little  more 
difficult  than  with  a  pen.  Before  starting  to 
letter,  draw  guidelines  to  define  the  top  and 
bottom  limits  of  the  letters.  Like  single-stroke 
Gothic,  the  lettering  will  look  niore 
professional  if  each  line  of  a  letter  is  drawn 
with  a  single  stroke.  Mastering  this  will  take 
considerable  practice.  Once  you  have  learned 
the  knack  of  handling  the  brush,  you  will  find 
brush  lettering  satisfying  and  interesting.  An 
alphabet  of  brushdrawn  letters  is  shown  in 
figure  5-28.  Notice  that  to  draw  the  letters  as 
shown,  you  mifet.tum  the  brush  as  you  form 
the  letters. 


Exercises  (055): 

1.  How  does  a  lettering  brush  differ  from 
other  brushes? 


2.  Whyat  are  the  best  brushes  for  lettering? 


3.  How  often  should  a  lettering  brush  be 
trimmed?  *  * 


4.  What  are  the  three  major  brush  shapes? 


5.  How  do  the  three  shapes  of  brushes  differ? 


5-6.  Mechanical  Lettering  Sets 

Because  guidelines  are  not  required, 
uniform  and  legible  characters  can  be 
produced  more  rapidly  by  mechanical 
lettering  sets  than  by  freehand  methods. 
Mechanical  lettering  is  used  principally  for 
title  blocks  and  marginal  data  for  special 
maps,  charts,  graphs,  and  photographs  for 
reproduction. 


057.  List  the  components  of  a  mecnamcal 
lettering  set. 


I.»€ttering  Set.  A  standard  lettering  set 
consists  of  a  set  of  templates,  a  scriber,  and  a 
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56' 


I' 


PEN  NO 


000  00  0 


1     I     I     I     I    I     I     I    I      A- TRACING  PIN 
I     I     I     I    I     I    I    I      B-PEN  SOCKET 

C- SOCKET  SCREW 
0- ADJUSTING  SCREW 


7N  $H 


E  -  LOCK  NUT 
F-  TAIL  PIN  ^ 
C-  PEN  WELL 
H- CLEANING  PIN 


Figure  5-29.  Mechanical  lettering  iiutrument. 


set  of  pens.  A  typical  setup  is  shown  in  figure 
5-29.  The  templates  are  made  of  laminated 
plastic  with  characters  engraved  in  the  face  so 
that  their  component  lines  are  guide  grooves 
for  the  scriber.  The  height  of  the  characters, 
in  thousandths  of  an  inch,  is  given  by  a 
number  on  the  upper  righthand  side  of  the 
template.  The  range  of  character  heights 
offered  by  a  standard  set  of  templates  is  from 
80  (0.08  inch,  or  5/64  inch)  to  500  (0.5  inch, 
or  H  inch).  The  scale  at  the  bottom  of  each 
template  has  the  zero  in  the  center  and  is 
arranged  for  proper  spacing  in  relation  to 
character  heights.  The  distance  between 
consecutive  scale  divisions  represents  the  area 
required  by  a  normal  letter. 

A  standard  set  of  pens  for  producing 
various  line  weights  consists  of  11  sizes, 
ranging  froni  000,  the  finest,  to  8N.  Each  pen 
is  composed  of  two  parts— the  ink  reservoir, 
or  pen  well,  and  the  cleaning  pin  (see  G  and 
H,  fig.  5-20).  The  reservoir  is  a  series  of 
connected  tubes  of  decreasing  diameters,  the 
lowest  establishing  line  thickness.  The 
cleaning  pin  acts  as  a  valve  and  protrudes 
beyond  the  edge  of  the  botto^  tube  when  the 
pen  is  not  touching  the  drawing  surface.  In 
this  position,  the  ink  does  not  flow.  When  the 
pen  is  rested  on-  a  drawing  surface,  the 
cleaning  pin  is  pushed  up,  allowing  a  flow  of 
ink.  Action  of  the  pin  in  the  tube  minimizes 
InHftlogging. 

The  scriber  (s^e  fig.  5-29)  holds  the  pen  in 
alignment  and  controls  its  motion, as  the 
tracing  pin  (A)  is  guided  through  the 
character  grooves  of  the  template,  and  the 
tailpin  (F)  riding  in  the  straight  groove  of  the 
template.  Two  types  of  scribers  are  available; 


one  is  adjustable  and  the  other  is  fixed.  An 
adjustable  scriber  produces  vertical  and 
inclined  letters  from  a  single  template;  a  fixed 
scriber  produces  only  vertical  letters.  Except 
for  the  locknut,  the  fixed  scriber  consists  of 
the  same  componen  ts  as  the  adjustable 
scriber.  These  are  a  tracing  pin  (A),  pen 
socket  (B),  socket  screw  (C),  adjusting  screw 
(D),  locknut  (E),  and  tailpin  (F). 

The  following  table  gives  the  recommended 
combinations  of  pens  and  templates.  If  a 
heavier  line  weight  is  required,  do  not  use  a 
pen  more  than  two  grades  above  the 
recommended  size: 


Template  Number  Pen  Number  - 

80   00 

100   00 

120   0 

140   1 

175   2 

200    3 

240    3 

290    4 

350    4 

425    5 

500    6 


The  rules  for  freehand  letter  sizing  and 
spacing  apply  to  mechanical  lettering.  For 
blocks  having  more  than  one  line  of  lettering, 
horizontal  baselines  may  be  drawn  at  intervals 
for  the  proper  spacing  between  lines. 
^  To  center  a  line  of  lettering,  the  letters  are 
arranged  symmetrically  about  a  vertical 
centerline.  Here  is  how  you  do  this.  First, 
count  the  number  of  letters^  in  the  line,  add 
one-half  for  spaces  ^  between  words,  and 
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Figure  5-30.  Curving  t  line  of  lettering. 


subtract  one-half  for  each  letter  I.  Select  the 
template  with  letters  of  the  desired  size  and 
place  the  zero  of  its  scale  on  the  vertical 
centerline.  Mark  the  number  of  divisions 
equal  to  half  the  number  of  letters  in  the  line, 
first  to  the  left  and  then  to  the  right  of  the 
zero.  This  indicates  the  starting  and  finishing" 
points. 

The  procedure  for  using  the  mechanical 
lettering  set  follows: 

•  Loosen  the  socket  screw. 

•  Select  the  appropriate  template  and  the 
pen  recommended  for  it. 

•  Insert  the  pen  in  the  pen  socket  so  that 
its  shoulder  seats  up  agcdnst  the  scriber  arm, 
and  tighten  the  socket  screw. 

•  Loosen  the  adjusting  screw  locknut  and 
fill  the  pen  reservoir  with  drawing  ink. 

•  With  the  template  edge  against  a 
T-square,  set  the  scriber  tailpia  in  the  straight 
^oove  of  the  template  and  the  scriber  tracing 
pin  in  the  groove  of  the  appropriate  character. 

•  Using  a  piece  of  scrap  paper  for  trial 
lines,  regulate  the  adjusting  screw  until  the 
cleaning  pin  is  pushed  far  enough  back  to 
allow  the  ink  to  flow  freely.  If  the  pin  is 
pushed  back  level  with  the  end  of  the  tube 
(that  is,  if  no  clearance  is  provided  and  the 
tube  is  allowed  to  rest  against  the  drawing 
surface),  ink  will  not  flow  smoothly.  The 
amount  of  clearance  varies  with  the 
consistency  of  the  ink  and  the  nature  of  the 
drawing  surface.  When  trial  lines  are 
produced,  tighten  the  adjusting  screw 
locknut. 

•  Proceed  with  the  lettering  by  moving-the 
tracer  pin  in  the  desired  character  groove,  but 
at  the  same  time  keep  the  tailpin  in  the 
straight  groove.  Spacing  between  letters  and 
words  is  done  by  eye  and  involves  the  same 
considerations  of  equal  letter  ^eas  as  in 
freehand  lettering. 

Now  let  us  go  over  the  techniques  that  you 
should  develop  to  use  the  lettering  set 
properly.  Hold  the  T-scjuare  in  position  with 
the  ball  of  your  left  hand  against  the  blade. 
Use  the  fingels  of  your  left  hand  to  hold  the 


template  against  the  working  edge  and  to 
change  the  position  of  the  template  when 
necessary.  Hold  the  scribe*  between  the 
thumb  and  first  three  fingers  of  your  right 
hand.  You  can  rest  your  little  finger  either 
'  against  the  scriber  or  against  the  edge  of  the 
template. 

The  following  are  some  important  facts  to 
remember  when  using  a  lettering  pen: 

•  Keep  the  reservoir  between  V4  and  Va  full; 
too  low  an  ink  level  results  \i\  irregular  lines. 

•  When  the  pen  is  filled  and  not  in  use, 
place  it  so  that  the  tip  is  not  in  contact  with 
any  surface. 

•  Before  you  reuse  the  pen,  twirl  the 
cleaning  pin  in  the  tube  to  loosen  any  clotted 
ink. 

•  Never  use  pressure  on  the  scriber  if  the 
ink  does  not  flow. 

•  Check  the  adjusting  screw  setting  and 
the  reservoir  level. 

•  To  make  fractions,  use  a  template  one 
size  smaller  than  that  used  for  whole 
numbers. 

Maintenance  of  lettering  pens  is  simple. 
You  should  clean  the  pens  with  running  water 
and  store  them  in  their  containers.  If  water 
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does  not  clean  the,  pen  satisfactorily,  use  a 
diluted  solution  of  ammonia.  Handle  cleaning 
pins  with  care  because  they  are  fragile  and 
bend  easily, 


Exercises  (056): 

1.  What  are  the  standard  components  'of  a 
mechanical  lettering  set? 


2.  Hov/  many  pens  are  there  in  a  set? 


3.  What  is  a  tailpen? 


5-7.  Prepared  Lettering 

For  our  final  discussion  on  lettering,  let  us 
take  up  the  use  of  type  or  other  prepared 
pnnt  as  a  means  of  obtaining  lettering  for 
illustrative  purposes.  The  disadvantage  of 
using  pnnted  lettering  is  that  the  type  used  to 
print  the  lettering  must  be  handset. 'This  is 
necessary  to  obtain  good  spacing,  since 
machine  type  setting  spaces  all  letters  equally. 
You  can  observe  this  poor  spacing  technique 
in  newspaper  headlines,  especially*  when 
words  containing  irregular-shaped  letters  are 
used.  Another  limiting  factor  in  using  type  for 
lettering  purposes  is  its  inaccessibility.  Not 
many  organizations  are  fortunate  enough  to 
have  ready  access  to  a  printing  press. 
However,  most  organizations  do  have 
photocomposing  machines  which  produce 
type-like  lettering. 


057.  List  two  advantages  of  using  prepared 
lettering. 


Lettering  Procedure.  Prepared  lettering  can 
be  used  as  it  comes  from  the  press  or  printing 
machine  by  merely  cutting  it  out  of  the 
printed  page  and  pasting  it  in  place  on  your 
drawing  or  layout.  It  can  be  changed  from  a 
straight  line  of  lettering  by  the  method  shown 
in  figure  5-30. 


The  following  procedure  is  us^  to  change 
a  straight  line'  of  prepared  lettering  into  a 
curved  line:  .  ' 

•  Draw  a  curved  line  where  you  want  the 
lettering  to  go. 

•  Cut  the  line  of  lettering  from  the  page  of 
print,  making  sure  that  the  cut  edges  are 
parallel  to  the  top  and  bottom  edges  of  the  . 
line  of  lettering. 

•  Draw  another  line  parallel  to  the  first 
line  at  a  distance  equal  to  the  distance 
between  the  bottom  edge  of  the  lettering  and 
the  cut  edge  of  the  strip.  (If  the  line  of 
lettering  is  to  be  curved  opposite  from  that 
shown  in  fig.  5-30,  this  line  should  be  above  " 
the  first  line.) 

•  Using  a  sharp  knife  or  razor  blade,  make 
cuts  in  the  strip  of  lettering  between  letters. 
Be  careful  to  leave  a  small  portion  of  the  strip 
uncut. 

•  Apply  rubber  cement  to  the  back  of  the 
strip  and  to  the  surface  of  the  paper  to  which 
the  strip  is  to  be  attached. 

•  Center  the  strip  on  the  midpoint  of  the 
curve  and  align  the  edge  of  the  strip  with  the 
curved  parallel  line. 

•  Being  careful  not  to  let  the  strip  touch 
the  paper  except  at  the  point  of  alignment 
(you  may  have  to  insert  two  pieces  of  tracing 
paper  edge-to-edge  between  the  strip  and 
paper,  and  peel  or  slide  them  back  as  you  go), 

-  useUhe  point  of  an  Exacto  knife  to  bend  the  " 
stripKuntil  the  bottom  edge  is  aligned  along 
the  parallel  line.  You  should  start  at  the 
center  and  gradually  work  toward  the  ends. 
As  Vou  get  each  portion  of  the  strip  aligned, 
apply  pressure  to  that  portion  so  that  it  will 
adhere  to  the  paper. 

•  When   you  get  the  strip  completel^^ 
aligned,  white  around  the  edges  of  the^trip  to 
eliminate  shadows. 


Lettering  Sheets.  When  only  a  few  letters 
or  words  are  needed  on  a  drawing  or  layout, 
lettering  sheets  can  be  used  to  great 
advantage.  A  large  collection  of  alphabets, 
numbers,  symbols,  etc.,  in  various  sizes  and 
styles  is  available  under  different  trade  names. 
These  can  be  appli^ed  directly  to  the  finished 
artwork.  The  characters'  are  printed  on 
cellophane  or  acetate  sheets  with  a  waxed 
back  and  are  easily  transferred  to  any  smopth 
surface.  You  merely  position  the  sheet*Over 
the  drawing  so  that  the  letter  to  be 
transferred  is  correctly  positioned,  rub  the. 


area  over  the  letter,  using  a  glass  or  plastic 
burnishing  rod.  and  lift  the  sheet  from  the 
drawing.  The  letter  remains  adhered  to  the 
paper.  This  process  is  shown  in  figure  5-31. 

You  must  be  careful  when  burnishing  a 
letter  that  you  do  not  rub  over  a  letter 


previously  transferred.  If  you  do,  the  letter 
or  part  of  it  will  be  transferred  back  to 
the  lettering  sheet. 

Exercise  (057); 

1.  List  two  advantages  of  prepared  lettering. 
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CHAPTER  6 


Techniques  of  Line  and  Tone  Media 


ONE  OF  THE  PROBLEMS  confronting  you  is 
that  of  deciding  which  medium  and  technique 
to  use  when  ^producing  a  particular 
ilMstration.  The  term  **media"  refers  to  the 
material  .with  which  you  work,  such  as  pencil, 
pen  and  ink,  tempera,  etc.  The  term 
'•technique"  refers  to  the  method  of  handling 
the  materials  to  achieve  the  desired  effect. 
Most  of  the  time  the  ultimate  use  of  a  piece 
of  art  work  determines  how  you  will  proceed. 
One  would  not  spend  a  great  deal  of  time  and 
effort  on  an  illustration  that  will  only  be  used 
once.  The  technique  on  such  an  illustration 
must  be  adequate  to  get  the  job  done.  As  you 
develop  the  skill  of  handling  basic  techniques, 
you  will  develop  a  style  of  expression  unique 
to  you  alone. 

The  discussion  will  be  on  the  techniques 
used  m  line  and  tone  media.  Line  and  tone  are 
the  two  main  classifications  of  such  media. 


6-1.  Line  Media 

Line  media  include  illustrations  that  are 
composed  entirely  of  black  and  white  areas. 
This  means  that  there  are  no  intermediate 
values  of  gray.  For  example,  this  page  may  be 
considered  as  being  created  in  the  line 
media—since  only  values  of  black  and  white 
are  used  to  produce  it.  It  is  composed  entirely 
of  black  letter  shapes  agamst  the  white 
background  of  the  page.  Notice  that  even 
though  only  black  and  white  are  used,  a  gray 
tone  is  prcxluced  if  you  consider  the  entire 
column  of  type  as  a  whole.  This  effect  can  be 
used  in  line  media  illustrations. 

lUustrations  which  contain  varjring  values 
of  gray  in  addition  to  black  and  white  fall 
mto  the  group  identified  as  tone  media.  The 
grays  in  this  media  may  vary  continuously 
from  black  to  white. 


058.  Answer  four  questions  about  the 
common  media  and  techniques  associated 
with  line  drawiiig. 


Line  Drawing.  Many  media  can  be  used  to 
render  illustrations.  Any  substance  which 
achieves  the  desired  effect  can  be  used. 
However,  for  illustrations  which  must  be 
reproduced,  preserved,  and  executed  quickly 
and  economically,  the  number  of  media  is 
sharply  limited.  Since  illustrations  in  line 
media  generally  fit  into  this  category,  there 
are  only  a  few  types  of  line  media.  Among 
these  media  are  ink,  pencil,  crayon,  shading 
sheets,  and  special  surfaced  paper. 

Pen  and  Ink.  All  of  the  techniques  that  use 
ink  as  a  medium  depend  on  the  opacity  of  the 
mk  and  its  capacity  to  contrast  sharply  with 
the  illustration  surface.  India  ink  is  most 
comm  only  used  because  it  is  permanent, 
waterproof,  opaque,  and  nonreflective.  The 
ink  is  applied  with  open  or  closed 
reservoir-type  pens  sLnd  dip  pens  which  come 
in  a  variety  of  points.  A  few  of  the  most 
common  types  of  pens  are  shown  in  figure 
6-1.  Descriptions  of  these  pens  and  their  uses 
are  given  below: 

•  A  croquill  is  a  small  cylindrically  shaped 
pen  and  is  very  flexible.  This  type  of  pen  is 
used  to  produce  very  fine  or  very  thick  lines. 
The  weighty  of  the  line  is  determined  by  the 
amount  of  *  pressure  applied  to  the  drawing 
surface. 

•  Quills  are 'large  feathers  from  a  goose  or 
turkey,  "^bich  are  shaped  and  used  as  pens. 
They  produce  a  very  flexible  line  that  may 
vary  from  thin  to  very  thick. 

•  Artist  pens  are  available  in  a  variety  of 
sizes  in  degrees  of  flexibility.  Some  are  very 
flexible  and  are  used  to  draw  very  thin  or  very 
thick  lines.  Others  are  stiff  and  are  used  where 
a  variety  in  line  width  is  not  desired. 

•  Lettering  pens  are  available  in  many 
different  sizes  and  four  different  shapes.  The 
four  shapes  are  round,  oval,  square,  and 
chiseledge. 

•  Ruling  pens  arfe  used  to  produce  straight 
lines  of  uniform  width  when  used  with  a 
straightedge  and  curved  lines  when  used  with 
an  irregular  curve. 
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Figure  6*1.  Typical  drawing  pens. 


Outline  rendering.  The  technique  of  outline 
rendering  is  relatively  simple,  yet  it  is  not 
mastered  without  considerable  practice. 
Outline  drawings  in  ink  should  be  clear,  sharp, 
and  of  consistent  density  and  width.  The 
quality  of  a  pen  line  is  affected  by  many 
conditions  and  practices.  The'  pressure  on  the 


pen,  the  smoothness  with  which  the  stroke  is 
begun  and  ended,  the  evenness  of  ink  flow, 
and  the  condition  of  the  illustration  surface 
affect  the  line.  The  angle  at  which  the  pen  is 
held,  the  retr^icing  of  lines,  and  the  nCimber  of 
times  the  pen  is  removed  from  and  replaced 
on  the  illustration  surface  affect  the  quality 
of  the  inked  line.  The  degree  of  pen  pressure 
determined  to  some  extent  the  width  of  the 


Figtire   6*2-  Pen  and  ink  illustration  by  outline 
technique. 


Fijjure  6-3.  Pen  and  ink  illustration  by  accentuated 
outline  technique. 
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Figure  6-4.  Exjunples  of  tone  and  shading  by  line 
technique. 


at  which  the  pen  is  held  also  affects  the  width 
and  consistency  of  the  line  and  the  evenness 
of  the  ink  flow.  The  number  of  times  that  the 
pen  is  lifted  and  replaced  and  the  amount  of 
retracing  that  is  done  affects  the  consistency 
and  sharpness  of  the  line..  Pen  strokes  which 
are  not  smooth  or  which  stop  ^d  start  with 
uneven  pressure  will  give  uneven,  rough  lines. 

Requisites  of  good  pen  an'd  ink  technique 
.are  that  the  lines  be  solid  'black,;  free  of 
feathered  or^bleeding  edges,  and  consistent  in 
width  and  that  adjacent  lines  join  without 
irregularities,  breaks,  or  overruns.  An  example 
of  outline  drawing  is  shown  in  figure  6-2.  This 
figure  shows  the  characteristics  of  oqtline 
drawing. 

One  of  the  important  characteristics  of 
outline  drawing  is  the  ability  to  remain  two 
dimensional.  Notice  in  figure  6<2  that  the 
illustration  remains  flat  even  though  it  shows 
an  airman  in  amphfied  perspective  which 
would  norraaUy  give  ihe  impression  of  three 


dimensions.  This  is  an  important  feature  to 
remember,  especially  when  you  include  a 
human  figure  in  an  illustration  and  wish  to 
have  it  remain  subordinate  to  other  parts  of 
the  illustration. 

'  When  you  wish  to  give  more  three 
dimensional  qualities  to  an  outline  drawing, 
you  can  use  an  accentuated  line  technique. 
This  technique  is  shown  in  figure  6-3.  Notice 
how  varying  the  width  of  the  line  gives  this 
illustration  a  feeling  of  tViree  dimensions.  That 
is,  the  figure  of  the  airman  seems  to  stand  out 
from  the  background  of  the  page.  This  feature 
is  quite  apparent  when  you  compare  the 
illustrations  of  figures  6-2  and  6-3. 

Line  rendering  of  tone.  Drawing  tone  or 
shade  by  means  of  line  is  an  extension  of 
outline  drawing.  The  effect  of  tone  or  shade 
can  be  produced  by  drawing  a  series  of 
parallel  lines.  Some  of  the  tonal  effects  that 
can  be  achieved  by  line  are  shown  in  figure 
6-4.  To  give  the  effect  of  flat  tone,  the  lines 
must  be  parallel,  equally  spaced,  and  uniform 
in  vndth.  Darker  tones  may  be  produced  by 
either  placing  the  lines  closer  together  or  by 
using  thicker  lines.  Of  course,  each  technique 
produces  an  effect  that  is  quite  different  from 
the  other.  Combining  the  two  techniques 
(that  is,  using  a  greater  number  of  thick  lines) 
produces  still  darker  tones. 

An  entirely  different  tonal  effect  is 
produced  when  two  series  of  parallel  lines  are 
crossed.  This  technique  is  called 
crosshatching.  The  lines  may  cross 
perpendicular  to  each  other  or  at  any  angle. 
However,  each  technique  produces  a  different 
effect.  The  direction  in  which  the  lines  are 
drawn  also  affects  the  appearance  of  the 
aosshatching.  Notice  the  difference  in  the 
effect  of  the  examples  shown  in  figure  64 
when  perpendicular  crosshatching  is  drawn  in 
horizontal  and  vertical  directions  rather  than 
when  drawn  in  diagonal  directions.  Also 
notice*  in  figure. ^<S^  that  darker  tones  are 
obtained  by  drawing  additional  lines  in  a 
different  direction. 

The  use  ot  graded  lines  is  another 
technique  of  pen  and  ink  medium.  This 
technique  uses  lines  of  varying  width  to 
produce  the  effect  of  tone  or  shade.  Three 
different  methods of  obtaining  tone  are 
showqjjl^in  figure  6-4.  One  method  uses  lines  of 
various  thickness  to  show  gradation  from  light 
to  dark.  Another  method  uses  lines  whica 
vary  from  thin  to  thick.  The  final  exampl^ 
shows  the  effect  obtained  by  varying  the 
pressure  on  a  very  flexible  pen. 

The  bottom  three  examples  of  pen  and  ink 
technique  shown  in  figure  6-4  present  an 


Figui*  6*5.  Pen  and  ink  illustntions  showing  tone  and  shading  by  line  technique. 


entirely  different  quality  of  tone.  Here  the 
lines  are  so  short  that  they  appear  as  dots. 
The  dots  are  distributed  at  random  until  the 
desired  tone  is  obtained.  As  you  can  see,  the 
stipple  technique  not  only  gives  a  tonal  effect 
but  also  suggests  texture. 

Now  let's  see  how  these  line-tone 
techniques  can  be  used  in  illustrations.  Figure 
6-5  shows  the  use  of  line  as  shade  to  give  the 
face  ,and  hands  of  the  figure  portrayed  a 
feeling  of  form.  It  also  shows  how 
crosshatching  can  be  used  to  represent  the 
value  of  a  material  that  has  a  definite  color. 

Figure  6-6  illustrates  the  use  of  graded 
lines.  Here  graded  lines  are  not  only  used  to 
give  the  subject  of  the  illustration  form  but 
are  also  used  to  add  character  to  the  subject. 
The  same  technique  couldnot  be  used  for  the 
Aibject  portrayed  in  figure  6-7.  The  subject  in 
figiure  6-7  calls  for  a  soft,  more  delicate  touch. 
Notice,  however,  that  the  lines  in  both 
illustrations  are  applied  to  the  form  of  the 
subjects.  They  follow  the  contour  of  the 
form. 

Notice  how  effectively  the  stipple 
technique  is  used  in  figure  6-8.  Not  only  is  the 
form  of  the  molded  parts  portrayed,  but 


shadow  and  texture  are\also  represented. 
Where  the  parts  are  mkchined,  a  line 
technique  gives  a  smooth,  flatVepresentation. 

Brush  and  ink.  Some  ilhistrators  prefer  to 
apply  ink  to  an  illustrationwith  brush  rather 
than  a  pen.  This  method  is  very  adaptable  to 
accentuated  line  techniques  and  to  large  solid 
areas  of  black.  India  ink  is  very  hard  on  sable 
brushes;  therefore,  you  should  not  use  your 
best  brushes  for  this  type  of  work.  Be  sure  to 
clean  your  brush  thoroughly  after  using  it 
with  ink. 

A  brush  can  be  used  for  other  purposes 
than  drawing  lines.  Ink,  lampblack,  and  black 
tempera  paint  can  be  applied  with  a  dry  brush 
technique.  This  technique  consists  of  applying 
the  media  in  a  rather  thick  state.  That  is,  the 
media  is  almost  dry.  The  application  of  this 
technique  is  illustrated  in  figure  6-9. 

To  apply  ink  or  another  medium  by  the 
dry  brush  method,  you  dip  your  brush  into 
the  medium,  spread  the  hairs  apart  by 
pressing  the  brush  down  on  a  palette  or  piece 
of  scratch  paper  and  then  rotating  the  brush 
slightly,  lightly  wipe  off  the  excess  medium 
on  a  blotter  or  piece  of  paper,  and  then  drag 
the  tips  of  the  hairs  across  the  drawing  paper. 
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Figure  6-6.  Pen  and  ink  illuatration  by  gnradcd  line  technique 

You  should  use  an  upward  motion  at  the  end  2.  What  type  pen  has  the  ability  to  produce  a 
of  the  strojce.  Figure  6-10  shows  a  typical         very  fine  or  very  bold  line? 
example  of  an  illustration  drawn  with  the  dry  ^ 
brush  technique. 


Exercises  (058): 

1.  On  what  two  qualities  do  all  techniques 
using  ink  depend? 


3.  Outline    drawings  ^  in    ink    should  be 

 and  of  

density  and  width. 


4.  What  IS  the  technique  called  when  two 
senes  of  parallel  lines  are  crossed? 
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Figure  6-7.  Pen  and  ink  illustration  by  Crosshatch 
technique. 


059.  In  one  word,  describe  the  best  surface 
for  producing  a  line  drawing. 


Pencil  and  Crayon,  Lithographic,  carbon, 
or  other  types  of  black  pencil  and  crayon  can 
be  used  with  the  same  line  techniques  as  those 
used  with  pen  and  ink.  However,  since  the 
hnes  produced  by  these  media  are^  not  as 
sharp  and  do  not  have  the  contrast. that  ink 
lines  have,  a  different  .technique  is  usually 
used  in  a  line  media  illustration  produced 
with  pencil  or  crayon.  The  drawing  is  applied 
to  a  textured  surface.  Figure  6-11  shows  the 
principle  of  application. 

The  paper  on  which  the  sample  techniques 
of  figure  6-11  were  originally  drawn  has  a 
special  surface.  The  paper  is  not  only  textured 
with  a  chalky  surface  but  the  texti^re  has  a 
definite  pattern.  In  the  top  example,  pencil 
was  applied  to  a  solid  area  and  a  knife  was 
used  to  scrape  away  part  of  the  top  surface. 
This  technique  gives  a  pattern  of  white  on 
black.  A  black  on  white  pattern,  as  shown  in 
the  middle  example,  is  produced  by  moving  a 
pencil  or  crayon  lightly  over  the  surface.  The 
side  of  the  pencil  or  crayon  is  used,  and  the 
action  is  continued  until  the  desired  value  is 
obtained.  As  you  can  sQe,  in  the  bottom' 
example,  a  graduation  of-value  from  light  to 
dark  can  be  obtained  by  continuing- the 
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process  and  by  gradually  increasing  the 
pressure  applied  to  the  medium  until  the 
Surface  of  the  darkest  area  is  entirely  covered. 

The  black  on  white  technique  can  b^  used 
on  any  rough  or  grained  surface.  The 
illustration  sjiown  In  figure  6-12  is  an 
example.  The  results  are  satisfactory  as  long 
as  only  the  high  parts  of  the  surface  are 
covered. 


Exercise  (059): 

1,  To  be  classified  as  a  line  media  illustration, 
a  pencil  or  crayon  drawing  is  usually 
produced  on  what  type  of  surface? 


060.  List  the  types  and  some  special  features 
of  prepared  shading  media. 

Prepared  Shading  Media,  Although 
prepared  shading  sheets  are  not  used  to  render 
a  complete  illustration,  they  are  often  used  as 
a  timesaving  device  and  for  special  effects! 
Two  different  types  of  shading  sheets  are 
available— the^  transparent  film  patterns  and 
tones  and  the  chemical  development  patterns 
and  screens. 

Chemical  developed  shading  media.  The 
chemical  development  shading  medium 
consists  of  papers  and  boards  that  contain 
invisible  patterns  and  screens  which  are  made 
visible  by  the  application  of  chemicals.  The 
process  is  simple.  The  invisible  patterns  or 
screens  are  brought  out  by  applying  a  special 
colorless  liquid  by  means  of  brush  or  pen. 
Both  single-tone  and  double-tone  patterns  are 


Figure   6-8.  Pen  and  ink  Uluitration  by  itippU 
technique. 
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Figure  6-9.  Dry  brusn  application. 


available.  A  sample  of  each  type  is  shown  in 
figure  6-13.  The  double-tone  surface  contains 
both  light  and  dark  tones  which  are  developed 
with  two  different  solutions. 

The  chemically  developed  method  of 
obtaining  tone  is  fairly  fast  and  economical 
^when  compared  with  the  same  effect  obtained 
with  pen  and  ink.  This  technique  is  relatively 
simple  and  easy  to  master.  An  example  of  the 
effects  achieved  by  this  technique  is  shown  in 
figure  6-14. 

Transparent  film  patterns  and  tones. 
Transparent  film  patterns  and  tones  are 
usually  printed  on  clear  cellulose  acetate  and 
may  have  an  adhesive  back.  The  film  comes  m 
a  variety  of  line  patterns  for  use  in  Ime 
rendermg  and  for  shading.  Screens  and  tones 
are  used  to  give  a  halftone  rendering  effect. 
Examples  of  both  Ime  and  tone  patterns  are 
shown  in  figure  6-15. 


Figure  6-15  shows  how  the  transparent  film 
is  applied.  First,  cut  off  a  piece  of  film  large 
enough  to  cover  the  area  where  the  line 
pattern  is  to  be  applied.  Then,  apply  the  film 
over  the  entire  area,  even  including  the 
intermediate  areas  where  a  line  pattern  is  not 
desired.  Now  with  a  sharp  knife,  cut  around 
the  area  where  a  pattern  is  not  wanted  and 
peel  off  the  unwanted  portion  of  the  film. 
When  cutting,  be  careful  to  cut  only  through 
the  film  and  not  to  cut  the  surface  of  the 
illustration  board.  The  film  may  not  come  off 
in  one  piece,  because  it  tears  easily.  In  our 
example,  it  has  not  been  entirely  removed 
from  the  subject. 

Figure  6-15  shows  the  use  of  transparent 
film  as  a  background.  However,  the  media  can 
be  used  as  line  r.endering,  as  shown  in  figure 
6-16.  In  this  illustration,  a  film  of  one  pattern 
is  used  to  produce  different  tonal  effects^  To 


Figure  6-10.  Illustration  by  dry  brusn  technique. 


produce  these  effects,  the  entire  area  was 
covered  with  ^  the  original  pattern.  The 
additional  pieces  were  applied  to^  various 
smaller  areas.  These  smaller  pieces  were 
applied  over  the  origmal  pattern  but  slightly 
offset  from  it.  When  the  desired  tone  was 
obtained,  the  pieces  were  pressed  into  their 
permanent  position. 

Various  patterns  can  be  -created  by 
overlapping  the  same  pattern  or  different 
patterns  of  transparent  film.  A  few  of  the 
countless  numbers  of  patterns  that  can  be 
created  in  this  manner  are  shown  in  figure* 
6-17. 


Exercises  (060):  ' 

1,  VVTiat  are  the  different  types  of  prepared 
shading  sheets? 


2,  What  special  feature  does  prepared  fading 
media  have  that  other  shading  techniques 
do  not  have? 


3.  How  are  unique   patterns  created  with 
shading  sheets? 


061,  List  the  advantages  and  disadvantages  of 
using  scratchboard. 


Scratchboard,  Another  very  versatile 
technique  that  uses  mk  as  a  medium  is 
scralchboard.  This  technique  uses  a  type  of 
drawing, board  which  has  chalky  surface 
over  which  the  ink  is  applied  and  then 
scratched  off  as  necessary  to  show  detail  and 
highlights.  This  medium  can  present 
attractive*,  meticulously  detailed  and  well- 
shaded  line  illustrations. 

The  scratch  board  itself  is  basically  a  he'avy 
illustration  board  covered  with  a  deep 
chalklike  coating.  It  is  relatively  non- 
absorbent,  smooth,  hard,  and  somewhat 
brittle.  The  scratchboard  is  not  so  brittle, 
however,  that  the  surface  chips  or  flakes 
uncontrollably  when  it  is-  worked.  The  care 
required  in  preparing  an  illustration  is  one  of 
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Figure         Drawing  on^texture  board. 

the  major  drawbacks  of  this  technique. 
During  and  after  ^preparation,  the 
scrafchboard  illubtration  must  not  be  allovyed 
to  become  moist  or  oily. '  It  is  extremely 
susceptible  to  damage  under  these  conditions. 
The  ink  is  Quite  hkely  to  chip  if  any  attempt 


Figure  6-12.  Illustration  on  texture  board.  . 

IS  made  to  bend  or  roll  the  scratchboard.  A 
sharp  blow  upon  the  back  of  the  scratchboard 
or  a  dent  made  with  a  sharp  object  can  ruin 
the' '  illui^tration/  Great  care  should  be 
exercised  in  haiidlmg  these  .  i^lubtrations 
thrc^ughout  their  life.  Storage  precautions  , 
must  also  be  taken  since  scratchboard 
illustrations  are  adversely  affected  by  changes 
111  temperature  and  humidity. 

The  )iuetfiods  used  in  illustrating  on 
Si'iatchboard  are  shown  m  figure  .  6-18. 
IlliibliaLK'n>,  i*an  he  drawn  with  pen  or  brush, 
ibing  "biipple  or  line  techniques  similar  to 
those  described  jn  the  pen  and  ink  section  of 
riub  t'iiapter.  hi  addition,  a  thin  layer  of  ink 
jnay  he  applied  with  a  brush  over  a  large  area 
dtid  then  -allowed  Lo  dry;  a  sharp  instrument  is 
used  to  scratch  away  the  ink  where  a  white 
*  line., dot.  or  area  is  desired. 

Fi^^re  n  19  shows  some  of  fhe  tools  used 
in  scratchboard  illustrating.  An  Exacto  knife 
with  various  .sha[)cd  blades  is  a  convenient  and 
versatile  tool.  Sharp-pointed  blades  make 
excellent  tools  for  scratchirtg  fine  lines  while 
4^those  with  flat  or  rounded  edges  are  good  for 


Figure  6-13  .\pplica.»oi\  ol  ohemical  devciopeil  shading  sheets. 
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Figure    6*14.    Chermcal    developed   shading  ^heet 
Ulustrauoa. 


scraping  off  large  areas.  Maltipie-line  gravers 
are  handy  tools  for  making  a  series"  of 
narrowly  spaced  .parallel  lines.  The  effects  of 
crosshatching,  with  this  tool  are  sho^vn  in 
figure  6-20.  Of  course,  the  same  effect  can  be 
produced  with  a  sharp-pointed  tool  by  using  a 
metal  rule  or  T-square  as  a  guide. 

The  methods  of  obtaining  graded  tones  in 
line  techniques  are  illustrated  in  figure  6-21. 
In  the  method  shown  on  the  left,  a  brush  is 
used  to  apply  a  black  area  that  comes  to  the 
midpoint  of  the  area  to  be  graded.  Then  the 
black 'tapered  lines  are  added  by  using  ^^rullng 
pen.  Next,  a  sharp  instrument  in  used  to 
scratch  out  v-shaped  lines.  Finally,  the  centers 
of  these  wedges  formed  by  the  lines  are 
removed  with  a  curved-edge  instrument. 

The  example  on  the  right  in  figure  6-21 
shows  the  scratch*out  method  of  producing 
the  same  effect  as  shown  on  the  left.  In  this 
method,  equally  spaced  lines  are  first 
scfatched  in  the  area  to  be  graded  and  the 
midpoints  of  the  spaces  are  marked  with  a 
small  dot  at  the  edge  of  the  black  area.  Then  a 
sharp  instrument  is  used  to  scratch  out  ruled 
lines  between  the  ends  of  the  lines  and  the 
dots.  Finally,  the  wedge.shaped  areas  between 
the  ruled  Imes  are  spraped  away. 

Figure   6-22  shows  an  example   of  an, 
illustration   produced   m    the  scratchboard 
technique.  I.uok  for  \\\v  difffu'nt  methods 


used  to  produce  this  illustration.  As  you  can 
see,  scratchboard  is  an  excellent  medium  for 
rendering  a  predominantly  dark  object  that 
has  much  detail  and  has  sharp,  white 
highlights. 


Exercises  (061): 

1.  In  illustratmg  an  object,  in  what  way  is 
scratchboard  superior  together  techniques? 


2.  What      are      the      disadvantages  of 
scratchboard?  «^ 


6-2.  Tone  Media 

Media  used  produce  illustrations  that 
depict  the  characteristics  of  a  subject  in 
varying  tones  from  white  highlights  to  deep 
shadows  are  classified  as  tone  media.  These 
include  pencil,  crayon,  charcpal,  transparent 
^ash,  opaque  paint,'  and  airbrush. 

062.  State  the  properties  of  pencils  in 
relation  to  tone. 


Pencil,  Crayon,  and  Charcoal.  Pencil, 
crayon,  charcoal,  and  other  similar  media  are 
not  ordinarily  thought  of  as  media  for 
finished  artwork.  However,  they  are  very 
useful  both  for  the  roughing  in  of  ideas  and 
for  comprehensive  layouts.  Since  the 
techniques  of  using  these  media  are  the  same, 
we  will  discuss  only  the  pencil  medium. 

In  addition  to  lead  or  graphite  pencils, 
others  such  as  carbon  and  lithographic  pencils 
are  useful  in  illustrating.  The  lead  pencil 
leaves  a  shiny  surface,  whereas  a  carbon  pencil 
gives  a  mat  finish,  which  has  a  much  richer 
black. 

As  you  learned  in  Chapter  4,  lead  is  graded 
from  the  extremely  hard  to  the  very  soft.  The 
hardest  lead  produces  a  very  light  gray  tone, 
while  the  tone  vanes  progressively  darker  with 
each  softer  grade.  This  tonal  effect  is  shown 
in  figure  6-23,  using  three  different  grades  of 
pencils. 

Dark,  mat-finished  pencils  come  m  various 
degrees  of  softness.  All  give  an  appearance  of 
blackness  when  used  on  a  paper  vyith  a  slight 
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Figure  6-15:  Application  of  transparent  shading  5h.ets 


tooth,  or  texture,  as  compared  with  the  gray 
effect  of  lead  pencils. 

pencU  can  be  used  on  any  kind  of  paper 
stock,  though  a  shiny  paper  does  not  take 
hard  lead  very  well.  A  rough  paper  will 
naturally  Uke  the  pencil  on  the  higher  ndges 
resulting  in  a  granular  effect.  Th^  effect 
shown   m   part  A  of  tigure  6-24.  Where 
necessary,  this  effect  can  be   altered  by 
rubbing  down  the  area  wuh  a  paper  stump  or 
with  the  tip  of  a  finger,  as  shown  m  part  B. 
Darker  tones  can  be  added  to  a  light  area  by 
going  over  the  area  with  a  so fte^  pencil 
highlight  can  be  brought  out  with  a  kneade.d 
eraser,  as  shown  in  part  C. 
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Figure  6-1 6  Tr«n,P^-t  shading  sheet  illustration. 
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Figure  6-19.  Scratchboard  tools. 


Figure  t>-20.  Scratchboard  crossnatcn  et'tects. 


When  pencil  is  used  on  rough  paper  to 
cover  only  the  high  ridges,  as  in  the 
illustration  shown  in  figure  6-25,  the 
illustration  can  be  reproduced  as  a  line  cut. 
This  is'the  printer's  term  for  an  illustration 
produced  by  aline  technique.  However,  if  the 
illustration  is  produced  by  rubbing  or 
covering  parts  of  the  entire  surface  of  the 
paper,  as  in  figure  6-26,  a  halftone  process  of 
reproduction  must  be  used  to  reproduce  it. 
This  IS  a  process  which  reproduces  the, 
illustration  by  breaking  the  tones  into  tiny 
dots.  Illustrations  printed  in  newspapers  are 
reproduced  by  this  process. 


063.  List  the  procedures  for  laying  a  wash. 


.Transparent  Wash.  WsLSh  is  a  transparent 
watercolor  made  by  diluting  either  lampblack, 
India  ink,  or  Chinese  stick  ink.  Lampblack  is 
easiest  to  use,  but  India  ink  has  the  advantage 


Exercises  (062): 

I.  What  effect  is  produced  by  rubbing  a  pencil 
area  with  a  paper  stump  or  the  tip  of  your 
finger? 


2.  How  do  ledd  or  graphite  pencils  differ  from 
carbon  or  lithographic  pencils  as  they  relate 
to  the  tonal  media? 


Figure  6-21.  Scratchboard  graded  tone  technique. 
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Figure  6-22.  Scratchboard  illustration/ 
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of  being  waterproof,  making  it  possible  to  lay 
one  wash  over  another  without  picking  up  the 
one  underneath.  Chinese  stick  ink  is  prepared 
by  rubbing  the  stick  around  in  the  porcelain 
dish  with  water  -until  the  desired  amount  is 
dissolved.  This  is  strained  through  a  wet  cloth 
to  get  rid  of  any  solid  particles  that  may  be 
left. 

Wash  is  applied  vrith  round  or  flat  red  sable 
brushes.  Thin  wash  (or  ink)  lines  are  drawn 
with  a  croquill  pen  or  very  small  brush.  After 
use,  brushes  should  alway?  be  rinsed  out  in 
clean  water,  pointed  up  carefully,  and  laid  flat 
*where  the  hairs  will  not  be  disturbed.  Brushes 
should  be  washed  occasionally  in  warm  water 
and  a  mild  soap,  rubbing  the  brush  gent;ly  in 
the  palm  of  the  hand  then  rinsinV.Jt 
thoroughly  in  lukewarm  water.  ^ 

Flat  wash.  To  lay  a  flat  wash,  the  paper 
should  be  taped  down  uO  a  drawing  board, 
and  the  board  should  be  tilted  to  about  a  SO"" 
angle.  The  first  step  in  laying  a  flat  wash  is  to 
mix  enough  watercolor  diluted  to  the  desired 
value  to  cover  the  entire  area  over  which  the 
wash  is  to  be  laid.  For  best  results,  wet  the 
area  with  clear  water  and  allow  it  to  dry  until 
no  moisture  can.be  seen  on  the  surface.  Then 
load 'the  brush  with  the  watercolor.  Starting 
at  the  top '  of  the  area,  take  an  even, 
iftoderately  fast  stroke  across'  the  paper, 
holding  the  bnish  quite  flat  so  that  most  of 
the  hair  touches  the  paper.  The  color  is 
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carried  along  at  jche  heel  of  the  brush,  and  a 
pool  along  the  l^ottom  edge  of  the  stroke  is 
formed.  Remember  that  wash  is  floated  on, 
not  rubbed  in.  Upon  reaching  the  end  of  the 
stroke,  as  shown  in  figure  6-27,  bring  the 
wash  down  without  lifting  the  brush;  then 
start  back^  across  the  paper  in  the  opposite 
direction,  allowing  a  slight  overlap  with  the 
previous  stroke.  This  is  continued  over  the 
area  to  be  covered.  Before  the  brush  loses  its 
pool   of   color,   quickly    dip  it  into  the 
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Figure  6 '2 3.  Effect!  of  different  grades  of  pencils. 
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Figure  6-24.  Application  of  pencil  technique. 


watercolor  previously  mixed  and  continue  the 
next  stroke.  When  the  wash  is  finished,  the 
pool  of  color  at  the  bottom  is  picked  up  by 
squeezing  the  brush  dry  and  running  the 
brush  lightly  over  the  pool  of  color.  If  this 
pool  of  color  is  not  picked  up,  the  color  will 
settle  and  will  form  a  dark  line  along  the 
bottom  of  the  washed  area. 

Graded  wash.  Laying  a  wash  graded  from 
dark  to  light  value,  like  the  one  shown  as  part 
B  of  figure  6-27,  is  accomplished  by  starting 
out  with  the  brush  loaded  with  the  dark  tone 
and  dipping  it  into  clean  water  after  every 
stroke  or  two,  dUuting  the  wash  as  you 
proceed. 

A  wash  from  light  to  dark  can  be 
accomplished  in  a  similar  manner.  Starting 
out  with  clear  water,  you  add  a  little  color 
after  each  stroke. 

Special  techniques.  Figure  6-28  shows  some 
of  the  special  effects  of  different  wash 
techniques.  The  top  example  shows  the 
technique  of  softening  the  edges  of  a  wash. 
This  can  be  done  either  on  a  wash  applied  on 
the  surface  of  the  paper,  as  shown,  or  on  a 
wash  ^applied  over  a  previous  wash.  After 
laying  the  wash  you  rinse  the  brush  out 
quickly  in  clean  water  and  then  drag  the  tip 
of  the  wet  hft^h  slowly  across  the  edge  of  the 
stUl  wet  wash.  The  brush  should  be  held  flat 
so  that  the  water  wets  the  paper  a  short 
distance  below  the  wash,  allowing  the  color  to 
run  down  into  the  wet  area. 

Very  soft,  fluid  effects  (characteristic  of 
watercolor)  can  be  obtained  by  working  into 
a  w%t  area.  To  produce  example  B,  the  paper 
was  fint  moistened  with  clear  water;  then  a 
light  wash  was  applied  whUe  the  area  was  still 
wet.  When  the  wash  was  nearly  dry,  the  spots 
were  dapped  in  with  a  loaded  brush.  Working 
over  wet  paper  increases  the  softness  of  the 
edges  but  also  decreases  the  control  of  the 


wash.  When  the  wash  is  dry,  sharp,  crisp 
accents  can  be  added,  as  shown  in  example  C. 

When  the  wash  must  terminate  in  a  very 
sharp,  straightedge,  masking  tape  is  laid  along 
the  edge  and  the  wash  is  brushed  right  up  to 
"^^it^  Be  sure  that  the  wash  does  not  collect 
along  the  tape;  do  not  reniove  the  tape  until 
both  the  wash  and  tape  We  dry.  A  liquid 
masking  medium  or  rubber  cement  can  also 
be  used  as  a  mask  over  the  area  where  you  do 
not  want  wash.  The  results  shown  in  example 
D  of  figure  6-28  were  achieved  in  this  manner. 
The  advantage  of  .using  a  mask  is  that  the 
wash  can  be  laid  evenly  over  the  entire  area. 
After  the  wash  is  dry  the  masking  medium  is 
picked  up,  leaving  the  protected  area  without 
wash. 

An    example    of    a    transparent  wash 
illustration  is  shown  in  figure  6^29.  Here  the 
li^t  washes  were  first  laid  down,  then  the 
^  darker  areas  were  added,  and  finally  the 
details  were  added  along  with  the  accents^ 


Exercises  (063): 

1.  What  is  a  wash  illustration? 


2!, Why  must  a  wash  be  started  at  the  top  of 
the>llustratiDii? 


3.  How  are  soft,  fluid  effects  obtained  in  a 
transparent  wash? 
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Figure  6-26.  Pertcil  Ulustration  for  halftone. 


4  What  is  the  easiest  method  of  terminating 
'  wash  with  a  sharp,  straightedge? 


064.  Name  the  two  best  techniques  for' 
tempera  watercolots. 


ising 


Opaque  Wat^^o' /^«"'R?J3>^^P!'^  " 
often  used  fo/ UluJ<;^ing  in  flat  tones,  bemg 
partieaatr  applicable  to  desi^  and 
rendering.  Although  tempera  is  much  harder 
to  blend  than  transparent  wash,  it  is  much 
easier  to  apply  in  a  flat  tone. 

Tempera  is  an  opaque  color  which  is  a 
heavy,  stiffer  medium  than  transparent 
watercolor.  An  opaque  color  laid  over  any 
other  color,  either  lighter  or  darker,  covers 
and  replaces  the  undercolor.  Therefore,  an 
Ulustration  can  be  started  with  any  value  and 
worked  up  to  Ughter  values  or  down  to  darker 
values.  Example  ,A  in  figure  6-30  shows  this 


characteristic  of  opaque  color.  First,  the 
larger  area  was  covered  with  a  medium  gray 
tone;  then  the  smaller  area  was  painted  on 
top  As  you  can  see,  the  underpamted  area  is 
completely  obliterated  where  the  overpaintmg 

was  done.  ,        i. ,^ 

Opaque  watercolor  comes  in  all  colors,  plus 
black,  white,  ana  various  premixed  shades  of 
gray.  Although  you  can  mix  black  and  white 
paint  to  make  any  value  of  gray,  it  is  not  only 
more  convenient  to  use  the  premixed  grays, 
but  it,  is  more  practical;  thus,  any  gray  can  be 
matched  by  merely  using  the  ^ay  from  tiie 
corresponding  tube.  These  premixed  grays  are 
usually  called  retouch  grays. 

Painting  techniques.  Obtaining  a  flat  area 
of  uniform  value  with  opaques  presents  no 
problem,  because  the  color  can  be  taken 
directly  from  the  tube  or  mixed  to  the  proper 
shade.  The  pigment  is  slightly  dUuted  with 
water  to  the  consistency  of  heavy  cream  and 
is  applied  smoothly  to  the  paper  with  a  brush. 
The  brush  should  not  be  loaded  too  heavily 
with  color.  Proceed  uniformly  over  the  area  in 
one  direction,  slightly  overlapping  each  stroke 
without  leaving  a  ridge  of  paint.  Work  back 
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Figure  6-27.  Application  of  transparent  wash. 

into  the  painted  area  to  smooth  it  out  while 
the  color  is  still  wet.  If  necessary,  the  whole 
area  can  be  recovered  with  the  same  or 
another  value  after  the  previous  one  has  dried. 

Blending  techniques.  The  transition  from 
one  value  to  another  can  be  achieved  in 
several  different  ways.  The  poster  technique  is 
shown  in  example  B  of  figure  6-30.  Actually, 
in  this  technique  there  is  no  blending  of 
values.  Light  and  dark  colors  are  placed  side 
by  side,  and  the  transition  is  made  with  a 
narrowband  of  color  halfway  in  value 
between  the  two  colors  to  be  joined.  By 
carrying  this , procedure  further,  as  illustrated 
on  the  right,  several  values  are  used  to  make 
the  transition.  When  mixing  colors  for  such  an 
effect,  start  with  the  two  extremes,  L  and  6 
(light  and  dark);  mix  these  together  to  make 
the  middle  value,  M;  mix  M  and  L  to  get  the 
middle  light  value,  ML;  mix  M  and  D  to  get 
the  middle  dark  value,  MD;  and  so  on  in  both 
directions. 

«  It  is  also  possible  to  make  a  transition  of 
two  values  by  a  wet  blend  technique,  as 
shown  in  example  C  of  figure  6-30.  One  color 
is^  brushed  on,  'and  the  next  color  is 
immediately  applied  with  a  slight  overlap. 
This  allows  the  colors  to  blend  along  the  edge 
of  overlap.  It  is  also  possible  to  soften  the 
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Figure  6-28.  Special  effects  of  tnuisparent  with. 


'7. 


edge  to  be  blended.  Either  color  may  be  used 
in  the  blending  process,  but  the  brushing  must 
be  done  in  one  direction  only.  When  three 
colors  are  used,  the  middle  value  is 
dry-brushed  into  the  dark,  and  the  light  color 
is  dry-brushed  into  the  middle  value.  Also,  a 
modified  dry  brush  (or  semistipple)  can  be 
achieved  by  spreading  the  hairs  apart  and 
gently  tapping  the  paper  with  the  ends  of  the 
hairs  instead  of  drawmg  the  brush  across  the 
paper.  Figure  6-31  shows  an  example  of  the 
effects  that  can  be  obtajied  through  the  use 
of  opaque  watercolor. 


Exercises  (064): 

1,  Why  is  opaque  watercolor  hard  to  blend? 

2.  What  are  the  best  techniques  for  blending  ^ 
opatjue  watercolors? 


Figure  6-29.  Trtn»p«rent  wath  illiutration. 


sharp  edge  after  the  colors  have  dried  by 
wetting  the  edge  slightly  with  a  damp  brush. 

A'  dry-brush  method  can  also  be  used  to 
blend  colors.  This  blending  technique  is 
shown  in  example  D  of  figure  6-30.  After 
preparing  the  color  on  the  brush  as  discussed 
under  the  section  on  pen  and  ink  application, 
the  tip  of  the  brush  is  drawn  Hghtly  over  the 


065.  List  special rtechniques  and  preparations 
that  apply  to  airbrushing. 
* 

Airbrush.  The  airbrush  technique  of  using 
the  wash  medium  presents  the  most  lifelike 
rendering  effects  of  any  illustrating  technique. 
This  technique  can  present  realistic  effects  in 
tone  because  it  is  capable  of  producmg  even 
tones,  gradual  variations  in  value,  and'  sharp 
tone  contrasts.  The  airbrush  applies  wash  to 
the  illustrating  surface  in  a  fine  spray  which  is 
driven  by  compressed  air.  A  typical  airbrush, 
as  shown  in  figure  6-32,  applies  paint  in  broad 
bands  or  sharp  jets,  either  in  a  coarse  or  fine 
spray.  Some  airbrushes  can  regulate  the 
density  of  the  paint  spray .  Others  are 
self-regulating,  and  the  density  increases  as 
the  opening  to  the  paint  reservoir  is  enlarged. 
The  width  of  the  spray  is  primarily  dependent 
upon  the  proximity  of  the  airbrush'  to  the 
illustration  surface— the  closer  the  instrument 
is  held  to  the  surface,  the  narrower  the  spray 
will  be.  I  . 

Jhe  airbrush  is  an  excellent  medium  f<^ 
retouching  photographic  prints,  and  it  is  oftfen 
used  to  render  illustrations.  Such  airbrushed 
rendering  is  generally  made  on  illustration 

board;  however,  any  relatively  nonabsorbent 

surface  if  mounted  on  a  stiff  board  may  be 

used. 

The  method  of  applying  wash  paints  by  the 
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Figure  6-30.  Opaque  paint  (tempera)  application. 


airbniflh  technique  relatively  stanc^ard.  As  a 
tool,  ^the  airbrush  has  limitations  and 
operating  requirements  which  dictate  its 
method  of  use.  The  most  important 
requirement  for  rendering  with  the  airbrush  is 
a  controlled  and  boiDsistent  application  of 
paint«  It  is  obvious  that  the  density  of  the 
spray  which  reaches  the  illustration  surface 
wiU  decrease  as  the  airbrush  is  moved  away 
from  the*  siirface.  Therefore,  to  achieve  a 
consistent  tone  on  a  given  area,  the  airbrush 
must  be  handled  in  such  a  way  that  the 
distance  does  not  vary.  Naturally,  the  size  of 
the  spray  cone  wiD  vary  in  the  same  manner. 
Therefore,  to  obtain  a  band  of  tone  of  a 
specified  and  consistent  width,  the  distance 
must  not  vary. 

Since  the  very  character  of  the  spray  is 
aerosol,  it  is  not  easily  controlled  by  motions 
of  the  hand.  Therefore,^  the  presentation  of 
sharply  defined  edges  and  details  is  aided  by 
the  use  of  shields  or  masks.  A  mask  may  be 
merely  a  piece  of  paper  cut  to  the  desired 
shape  and  held  directly  on  the  illustration 
surface.  Thus,  a  sharp  outline  will  be 
produced  when  paint  is  applied  around  it.  The 
disadvantage  of  using  a  niask  is  that  the  mask 
temporarily  obscurjps  the  area  of  the 
illustration  that  it  covers.  From  the 
standpoint  of  accuracy  and  the  fact  that 
nothing   is  obscured',  a  frisket  or  other 


transparent  or  semitransparent  paper  is  more 
desirable.  \ 

Frisket  paper  is  a  special  type  of  paper  that 
is  semitransparent,  very  thin  nonabsorbent, 
and  easily  cut.  This  type  of  mask  is  held  or 
cemented  directly  to  the  illustrating  surface, 
thus  producing  a  sharp  outline  of  the  mask 
where  airbrushed. 

Another  type  of  mask,  or  shield,  is  the 
raised  mask.  The  raised  mask  is  used  when  the 
density  and  sharpness  of  tone  on  the  top  and 
bottom  of  an  airbrush  stroke  must  vary.  By 
varying  the  angle  at  which  the  spray  strikes 
the  mask,  the  sharpness  of  the  bottom  edge  of 
the  tone  is  made  to  vary.  6f  course,  the  width 
and  diffusion  of  the  top  edge  is  controlled  by 
the  distance  of  the  airbrush  from  the  paper. 

The  airbrush  may  be  used  with  either 
transparent  or  opaque  wash.  Generally,  the 
transparent  wash  is  lampblack  diluted  to  the 
value  used  for  middle  gray  washes.  Tone 
gradations  are  accomplished  by  repeated 
application  of  paint.  The  tone  will  darken  as 
the  density  of  the  applied  pigment  is 
increased'in  a  particular  area. 

With  opaque  washes,  tonal  gradations  are 
accomplished  by  the  mixmg  of  white  with  the  ^ 
black.  These  opaque  washes  are  prepared  in 
progressive  values  from  slightly  darker  than 
white  to  sli^tly  lighter  than  black.  By 
diluting  any  one  of  these  tones,  a  transparent 
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Figure  6-32.  Main  components  of  an  wrbrush. 

effect  can  also  be  obtained.  Th(.  transparency 
thus  obtained  can  be  graduated  in  tone  value 
from  slightly  darker  than  white  to  the  original 
opaque  tone. 

The  methods  of  working  in  transparent  or 
opaque  media  differ  considerably.  When 
working  in  transparent  wash  to  render  an  area 
with  strong  hi^lights  and  shadows,  only  the 
darks  are  airbrushed,  leaving  the  highlights. 
This  is  necessary  since  dark  transparent 
pigments  can  only  darken  a  white  Ulustrating 
surface. 

When,  using  the  opaque  method,  it  is 
possible  to-apply  a  middle  tone  gray  and  then 
apply  darker  grays  or  blacks  for  shadow  and 
lighter  grays  or  white  for  the  highli^ts.  The 
opaque  method  aUows  more  control  over 
shapes  and  values.  Corrections  and  changes 
can  be  easily  made  by  repaii\ting  with  any 
value  desired  whether  the  desired  value  is 
lighter  or  darker  th|tfi  the  underpaint. 


Preparations  for  airbrushing.  It  is  advisable 
before  using  the  airbrush  to  remove  the 
handle  and  see  that  the  needle  is  seated 
properly  and  tightened  securely  in  place.  Turn  . 
the    needle   locknut   counterclockwise  to 
loosen  the  needle.  Gently  remove  the  needle 
from  the  brush,  as  shown  in  figure  6-33. 
Notice  that  the  point  has  a  very  fine  taper.  It 
is  important  to  protect  this  point  at  all  times 
and  to  handle  it  carefully,  as  the  slightest 
injury  to  the  tip  of  the  needle  will  result  m 
improper  functioning  of  the  brush.  When 
replacing  the  needle,  rest  one  of  your  finger 
at  the  end  of  the  needle  locknut,  as  shown  m 
figure   6-33,  to  steady  your  hand  while 
inserting  the  needle. 

After  assembling  the  au;brush,  attach  the 
dolor  cup  to  the  brush  by  inserting  it  in  the 
hole  on  the  right  side  of  the  brush  just 
forward  of  the  control  leveiTDo  not  force  the 
cup  in  too  hard,  or  the  hole  will  be  enlarged. 
The  cup  is  held  in  place  by  friction.  The  cup 
should  be  adjusted  so  that  it  is  in  a  vertical 
position  when  the  brush  is  held  at  an  angle  of 
at  least  45°  to  the  illustration  surface. 

The  pressure  used  to  operate  the  airbrush  is 
supplied  by  an  air  compressor,  carbon  dioxide 
tank,  or  compressed  air  tank.  In  any  case,  a 
regulator  is  used  to  maintain  the  correct 
pressure  to  the  airbrush.  ^  typical  setup  is 
shown  in  figure  6-34.  This  particular  regulator 
'  has  two  gauges-one  indicates  the  pressure  in 


Figure  «-»3.  Removing  or  inserting  the  needle  of  an 
«irbru«h. 


Figure  6-34.  Air  regulator. 
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Figur«  6-35/  Procedure  for  obtaining  the  proper  frip 
on  en  airbnuh. 


Figure  b-db.^^eflSoUing  an  airbrush. 


'  the  tank  and  the  other  indicates  the  amount 
of  pressure  applied  to' the  airbrush. 

To  adjust  tjie  regulator  to  the  proper 
pressure  for  ai!i:brushing,  first  close 'tihe  air 
outlet  leading  to  the  airbrush  tubing  and  turn 
the  regulator  handle  counterclockwise  until 
all  pressure  is  relieved.  Then  open  the  valve 
the  tank.  The  pressure  in  tiie  tank  shomd 
register  on  the  guage  on  the  right.  If  the 
regulating  handle  has  been  baqked  out  all  th'^^s 
way,  there  shpiild  be  no  pressiure  indicated  on 
the  airbrush  pressure  gauge  dial.  In  the  event 
that  some  pressure  is  recorded,  wait  u»til  the 
pointer  stops  moving  before  turjmng  the 
regfulator  handle.  When  the  pointer  ^ome^  to 
rest,  the  pressure  can  be  increa^  byttfrning 
the  regulator  handle'  clockwise  very  slowly. 
Raise  the  pressure  until  the  dial  reads  25 
pounds.  The  regulator  is  now'  set  and  will 
require  no  further  attention.  To  turn  off  the 
air",  you  only  need  to  cut  it  off  at  the  tank 
valve. 

Now  you  can  attach  the  airhose  to  the^ 
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Figui^  6-37.  JVo  per  airbruihih|pt^tition. 
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Figure  6-38.'  Identifying  'urbrush  R»inting"trouble«. 

reaulator  and  to  the  airbrush.  However, 
before  attaching  the  hose  to  the  brush,  allow 
some  ai^  to  pass  through  the  hose  to  blow  out 
any  fe?eign  matter. that  might  be  in  the  hose. 
Then  screw  the  airbrush  gentiy  into  the  hose 
coupling,  being  careful  not  to  stnp  any 
threads.  As  a  generaiSi  rule,  hand-tightening  is 


sufficient,  but  if  Jtir  should  leak  out-  at  the 
hose  connection,  tighten  the  swvel  nut  with 
the  small  wrench  that  comes  with  the 

airbrush.      ,  '         „  -  V,   i  ^. 

Mix  the  desired  pigment  (lampblack  or  • 

opaque  color)  to  the  desired  ^consistency. 

.Th4n  transfer  the  solution  to  the  cup  by 

means  of  a  bristie  brush  or  an  eye  dropper.  . 
Figure  6-35  shows.the  sequence  you  shoul4 

use  to  obtain  the  proper  grip  on  the  airbrush. 

When  you  grasp  the  brush  in  this  manner,  the 

hose  will  be  restrained  by  your  wrist  and  will 
not  flop  annoyiragly.over  the  paper  or  m  front 
of  your  work.  You  are  now  ready  to  airbrush. 

Operating  the  airbrush.  Air  and  paint  that 
pass  through  the  airbr^  are  controlled  by 
manipulation  of  the  control  levd.  The 
operation  is  shown  in  figure  6-36.  When  the 
control  lever  is  in  the  raised  position,  as  ^ 
shown'in  the  iUustration  to  the.  left,  neither  - 
air  nor  paint  passes  through  the  brush.  When 
the  control  lever  is  pushed  down,  as  shown  vn 

1  the  center  illustration,  air  passes  through  the 
brush  but  no  paint  is  disch^ed.  Pulling  the 

,  control  lev«r  rearward  releases  the  pamt, 

-  which  ^is  picked  up  by  the  airstream  ana- 
sprayed  from  the  hozzle.  The  amount  of  pamt 
issuing  fcom  the  brUsh  is  governed  by  the 
extent  to  which  the  trigger  is  puUed  back. 

As  shCwn  in  figure  6-37,  for  airpainting  flat  .  , 
tones,  the  airbrush  should  be  held  about  8 
inches  away  from  the  paper.  In  applymg  a  flat 
wash  you  use  an  arm  movement,  movmg  the 
brush  back,  and  forth  across  the  paper  at  a 
slow,  deliberate  speed.  The  brush  should  be 
maintained  at  the  same  height  and  be  pointed 
almost  at  right  angles  to  the  paper  throughout 
the  stroke.  You  should  move  your  hand  ana 
forearm  across  the  page  without  bending  the  > 
wrist  the  movement  bein^  from  the  shoulder. 

On  approaching,  the  right  edge  of  paper  on 
the  first  strok^,  press  the  control  lever  all  the  . 
way  down.  This  action  releases  only  the  aur. 
Do  this  without  stopping  or  slowmg  down  the 
movement  of  youjr  hand.  All  actions  must  be 
smooth  and  coordinated.      .  . 

Now,  whUe  holding  the  control  lever  down, 
pull,  back  on  it  slowly  and  evenly,  releasmg 
the  point.  The  paint  should  dry  almost  as 
■  ,  soon  as  it  reaches  the  paper;  if  it  p\iddles  or 
.    fans  out  iri  streamlets^you  are  pulling  back 
too  far  on  the  >contrM  lever  or  you  are 
/Working  too  clqse  tojhe  t»aper. 
VAfter/f«aching  the  left  6dge  of  the  paper, 
allow  me  control  lever  to  move  fopward.to  its 
starfln?\position  so '  that  the  paint  flow  is 
gradually  cut  off.  Then  stop,  the  motion  of 

your  arm.  '     ,     >  •  •* 

Now  start  the  next  stroke  in.  the  o\)posite, 
direction,    following    exactly    the  same 
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Figure  6-39.  Procedure  for  uiing  »  friiket,  page  2. 
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Figure  6-4U.  Use  ot  mask  wnile  surbrushing. 


procedure  as  before.  Allow  the  spray  to 
overlap  the  previous  one  along  its  edge. 
Continue  these  alternate  strokes  down  the 
paper  until  the  area  is  covered  with  a  flat, 
even  tone^of  color.  ^ 
'  In  airbrush  painting,  using  transparent 
pigments,  tones  are  built  up  gradually.  If  you 
desire,  a  darker  wash,  go  ov'fer  the  area  a|ain, 
starting  at  *  the  top  and  repeating  the 
procedure  until  the  desired  tOne  is  obtamed. 
A  graded  wash  is  best  secured  by  starting  at 
the  bottom  of  the  area  with  a  light  flat  wash 
and  allowing  it  to  fade  out  near  the  top  on 
the  first  passage.  Then,\tart  at  the  bottom 
again  but  do  notjtake  the  sWay  up  quite  as  far 
as  on  the  previous  passag^  repeating  this 
procedure  until  the  required  gradation  is  built 
up. 

Figure  6-38  shows  some  of  the  common 
effects  of  improper  airbrushing.  The  causes  of 
the  effects  are  listed  below: 

•  Grain.  If  the  pattern  becomes  very 
grainy,  it  is  generally  because  the  pigment  has 
not  been  diluted  sufficiently  with  water. 
Grain  may  also  be  caused  by  an  accumulation 
of  paint  on  the  airbrush  tip,  too  low  air 
pressure,  or  a  bent  needle. 

•  Paper  buckling.  If  the  paper  blisters  or 
buckles,  the  paint  is  too  thm,  or  too  much 
paint  is  being  applied  to  the  paper  during  eac 
stroke. 

•  Blobs.  If  large  spots  of  paint  occur  at  the 
beginnmg  of  each  stroke,  you  are  releasing  the 
paint  before  the  hand  is  in  motion.  If  the  blob 
is  at  the  end  of  the  stroke,  you  are  not 
allowing,  the  control  lever  to  move  forward  at 
the  end  of  the  stroke,  shuttmg  x^ff  the  paint 
supply. 

•  Flared  strokes.  This  is  caused  by  not 
moving  the  whole  forearm  across  the  paper 


when  making  strokes.  You  are  merely  turning 
the  wrist  in  order  to  reach  the  edges  of  the 
paper.  ^ 

•  Centipede  effect.  This  is  caused  by 
airbrush  painting  too  close  to  the  paper  and 
by  pulling  back  too  far  on  the  control  lever. 

•  Splatter.  Fairly  large  specks  of  color  at 
the  beginning  of  a  stroke  are  gencgrally  caused 
by  having  allowed  the  control  leVer  to  "click" 
forward  too  abruptly  aj  the  end  of  the 
previous  stroke.  These  specks  may  also  be 
caused  by  clogging. 

*  •  Curved    strokes.    Curved    strokes  are 
caused  by  dipping  the  hand  down  toward'the 
paper.  The  hand  should  be  kept  at  a  uniform 
distance   from  the  paper  durmg  a  stroke," 
except  where  a  line  of  varyii^g  width  is 
desired* 


Using  a  fnsket.  When  an  area- of  an 
illustration  is  not  to  be  painted>,  it  is  usually 
protected*by  meanb  of  ^fnsket  or  mask.  The 
procedure  for  using  a  frisket  is  given  and 
^illustrated  in  figure  5-39,  pages  1  and*2.  The 
use  of  a  mask  is  shown  in  figure  6-40.  Masks 
may  ^  be  cut  out  of  paper  or  may  be 
constructed  oiit  of  maskmg  tape,  as  the  one 
shown  jn  fi^re  6-40. 

Basic  rendering  technique  To  show  the 
basic  steps  used  in  rendering  an  illustration  by 
airbrush,  usmg  transparent  wash,  let's  go  over 
the  steps  used  in  rendering  the  sphere,  shown 
in  figure  6-41,  as  if  you  were  airbrushing  it: 

•  First,  draw  a  circle  with  a  compass  and 
place  a  frisket  over  it. 


Figure  6-41.  Rendering  a  sphere. 
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Figure  6-42.  Dapewion  ot  Ught. 


•  Cut  out  the  circle.  This  can  be  done 
either  freehand  with  a  &isket  knife,  following 
the  circle  very  carefully,  or  by  using  a  blade  in 

a  compass.  .         a  ' 

•  Remove  the  frisket  from  the  sphere  and 
clean  off  the  excess  rubber  cement.  • 

•  Airbrush  paint  a  i  very  faint  tone  all 
around  the  edge  of  the  sphere,  allowing  some 
of  the  tone  to  fall  on  the  frisket.  This  should 
be  done  in  sherTStuokes,  working  in  both 
directions.  Long  strokes  would  be  more 
difficult  to  control.  Keep  the  tone  as  even  as 
possible,  fading  out  gradually  on  the  mside 

•  Carry  this  tone  up  further  from  the 
bottom,  leaving  the  highlight--a  smaU  circular 
area  at  the  upper  left  of  the  sphere-as  white 
as  possible. 

•  Starting  in  the  lower  right  area  of  the 
sphere  a  short  distance  in  ^om  the  edge  of 
the  frisket.  airbrush  paint  a  shadow  along  the 
right  side,  across  tjie  bottom;  a^d  up  the  left 
side. 


•  Leaving  a  reflected  light,  begin  the  heavy 
shading.  This  shading  should  also  be  done 
with  short  strokes  in  all  directions.  When 
fading  out  at  the  upper  right  and  upper  left, 
however,  work  only  in  one  direction. 

•  Airbrush  paint  a  slightly  darker  tone  off 
the  edge  of  the  frisket  at  the  top  of  the 
sphere.  Th^n,  return  again  to  the  lower  right 
shadow,  area  and  continue  to  darken  it, 
working  in  solid  black  tone. 

Using  ppaque  color  to  paint  the  same 
sphere  is  a  much  easier  method  since  you  do 
not  have  to'  build  up  the  tones  graduaUy  as 
you  do  with  transparent  wash.  You  merely 
lay  down  the  middle,  tone  and  then  add  the 
highlights,  shado>ys,  and  reflected  light. 

Exercises  (065): 

l.Why  is  «he  airbrush  an  excellent  tool  for 
illustrating? 


116 


8 


2.  To  produce  a  sharp,  straight  edge  of  tone 
with  an  airbrush,  you  should  cover  part  o.^ 
the  paper  with  a  or  a  


3.  To  vary  the  sharpness  and  density  of  an 
airbna&h  stroke,  you  should  use  a  . 

4.  What  is  the  principal  difference  between 
the  techniques  of  airbrushir. with 
transparent  pigment  and  opaque  pigment? 


5.  What  preparations  must  be  made  before 
using  an  airbrush? 


6.  At  what  pressure  sl^ould  the  airbrush  be 
operated? 


7.  How  is  the  airbrush  controlled? 


8.  What  factors  pf  operator  control  determine 
the  quality  of  an  airbrush  stroke? 


Irt  addition  to  its  artistic  and  psycholo^cal 
values,  color  serves  us  in  many  practical^  ways. 
Color  aids  us,  for  instance,  in  identifying^one 
object  from  another  at  a  glance.  It  helps  u^*  to 
know  whether  fruit  or  vegetables  are  unripe, 
ripe,  or  spoiled;  whether  food  is  raw, 
sufficiently  cooked,  or  overdone;  and  whether 
objects  are  extremely  hot  or  cold.  In  fact, 
there  is  hardly  a  phase  in  our  existence  that  is 
not  affected  in  some  way  by  color. 

Is  there  any  wonder,  then  why  color  is  so 
important  to  you  as  an  illustrator?  You,  who 
must  portray  people  and  things  in  a  world  of 
color,  must  learn  to  appreciate  and 
understand  color  far  more  than  those  who 
merely  enjoy  it.  You  must  learn  to  use  it  in 
many  ways:  €o  attract  and  to  hold  attention, 
to  lead  the  eye,  and  to  please,  as  well  as  to 
give  many  other  desired  effects. 

To  use  color  effectively,  you  must  poss^ess  a 
basic  knowledge  of  color  theory.  You  must 
know  tha  qualities  of  color,  how  different 
colors  are  related  to  each  other,  how  to  n:iix 
color,  and  how  to  select  colors  that  go  well  in 
combination.  YcJu  can  learn  these 
fiindamentals  by  studying  this  chapter.  In 
addition,  this  chapter  includes  techniques  of 
udng  color  in  the  following  media: 
watercolor,  tempera,  casein,  and  oil. 


9.. What  are  the  common  effects  that  indicate 
an  improper  airbrushing  technique? 


6-3.  Technique!  of  Color 
Illustration 

^  Color  is  so  constantly  in  evidence  all 
around'  us  that  we  give  it  very  little  attention. 
We  merely  accept  it,  as  we  do  sunshine  and 
shadow.  Although  we  appreciate  its  beauty, 
we  do  not  consciously  realize  what  an 
importaidt  part  it  plays  in  our  lives.  But 
whether  we  realize  it  or  not,  color  influences 
us  during  practically  every  yvaking  moment. 

The  important  part  that  color  plays  in  our 
lives  is  shown  in  many  ways.  We  are  more 

'  inclined  to  be  cheerful  on  bright,  colorful 
days  than  when  the  sky  is  gray.  We  are  more 

^:ontent^  in  harihoniously  colored  rooms  of 
reasonably  distinct  hue  than  in  those  which 
are  drab.  Yet^  we  are  disturbed  by  interiors 
that  ar^  gaudy  and  crude.  We  like,  the  out  of 
doors  tot  its  green  trees,  blue  skies,  and 
purple  hills.  Even  our  food  is  more  attractive 
and  mote  appetizing  than  ii  would  be  if  it 
were  a  neutzal  tone. 


066.  Name  the  discoverer  of  light  rays,  and 
define  dispersion  and  spectrum. 

Relationship  of  Light  and  Colon  From  the 
beginning  of  time,  man  has  been  interested  in 
color  and  has  continuously  sought  to  wrestle 
its  secrets  from  nature.  However,  it  was  not 
until  the  advent  of  science  that  intelligent 
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Fig\ire  6-43.  Subtractive  procett  of  color. 
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Figure  6-44.  Color  wheel. 


reseflich  and  expeiimentation  was  cdhducted. 
Eapecially  in  the  last  two  centuries,  physiciats, 
phyfiologists,  and  psychologists  have  studied 
the  problems  of  light  and  color  and  the 
processes  of  vision.  Chemists,  too,  have  made 
progress  in  the  .^scovery  and  perfection  of 
pigments. 


We  are  indebted  to  Sir  Isaac  Newton  who, 
in  the  17th  century,  discovered  that  light 
consisted  of  many  rays  (each  of  which,  when 
allowed  to  reach  the  retina  of  the  eye, 
produces  the  sensation  of  a  distinct  color), 
and  that  the  fusion  of  *  all  the  sensations 
generated  by  the  mixture  of  rays  jjivei*the 


sensation  of  white.  We  also  learned  that  light 
comes  from  its  source  (the  sun)  as  a  wave 
motion  traveling^at  a  speed  of  approximately 
186,000  miles  per  second.  The  sensation 
known  as  color  is  produced  by  the  action  of 
these  rays  of  light  upon  the  optic  nerve.  The 
waves  vary  in  length,  and  this  variation  causes 
the  different  colors. 

NeWton  made  his  discovery  by  performing 
an  experiment  which  is  shown  in  figure  6-42. 
In  a  darkened  room,  he  admitted  a  beam  of 
sunligl)t  through  a  slit  in  a  window' shade  and 
allowed  it  to  pass  through  a  prism.  This 
separated  the  li^t  into  a  long  line  of  colors 
such  as^  those  we  see  in  a  rainbow.  This 
separation  of  li^t  into  its  element  is  called 
dispersion,  and  the  resulting  band  of  color  is 
known  as  the  spectrunu  The  colors  of  the 
spectrum  arrange  themselves  in  order  of  their 
wavelengths,  the  long  waves  being  less 
refracted  than  the  short  waves.  Starting  with 
red,  which  has  the  longest  and  slowest 
vibrating  wave  of  any  ray  visible  to  the  human 
eye,  the  colors  follow  in  this  order:  ted, 
orange,  yellow-,  green,  blue,  and  finally  violet. 

Newton  also  demonstrated  that  the 
separated  colors  can  be  recombined  into 
white  light.  He  proved  this  by  using  another 
prism  and  also  by  receiving  them  onto  mirrors 
or  lenses' so  qurved  that  they  convey  the 
colors^to  a  single  spot. 

Thus,  long  ago  man  learned  that  li^t  is  the 
source  of  color  and  that"^  white  light  is  made 
up  of  varying  rays,  each^pable  of  producing 
the  sensation  of  a  distinct  color.  It  is  obvious, 
Jbhen,  that  when  light  is  present,  color  is 
present  and  that  when  light  is  absent,  color  is 
absent.  It  follows  that  the  nature  of  light 
influences  the  nature  of  color;  objects  look 
different  under  daylight,  electric  light,  gas 
light,  colored  light,  etc. 

With  this  as  a  background,  let  us  consider 
why  one  object  looks  red  and  another  green. 
If  we  glance  at  an  object  (excepting 
,  self 'luminous,  fluorescent,  or  transparent 
ones),,  we  s^  the  object  because  some  of  the 
light  cast  upon  it  is  reflected  into  our  eyes.  It 
is  easy  to  understand  why^  the  object  appears 
bright  when  it  is  in  strong  light  and  appears 
indistinct  when  it  is  in  dim  light.  It  is  not  so 
easy  to  understand  why  one  object  appears 
red  antt  another  green  until  we  learn  that 
surfaces  exercise  a  selective  power  on  the 
light,  fivefy  suirface  decomposes  the  particular 
light  by  which  it  is  illuminated.  Each  surface 
absorbs  some  of  the  light  rays  while  it  reflects 
or  scatters  oikeT  rays  in  all  directions.  ^  " 
A  red  object,  as  it  decomposes  *  the  light 
that  faUi  upon  it,  absorbs  or  annihilates  all 


the, rays  except  the  red.  these  red  rays  are 
reflected.  Thus,  we  see  the  object  as  red.  A 
green  bbject  has  the  power  to  absorb  all  of 
the  rays  except  the  green.  A  white  object  is 
merely  one' which  reflects  a  large  percentage 
of  all  rays  so  balanced  as  to  give  the  effect  of 
an  absence  of  color— white.  A  black  object  is 
one  that  absorbs  nearly  all  of  the  light  rays. 

Other  investigators  of  light  made  additional 
contributions  to  our  knowledge"  of  light  and 
color.  Sir  David  Brewster  concluded  after  long 
experimentation  with  pigments  and  color 
glasses  that  light  was  made  up  of  three 
primary  colors-ted,  yellow,  and  blue  waves. 
Dr.  Thomas  Young,  and  later  Professor 
Helmholtz,  working  with  spectral  cblors, 
conceived  the  theory  that  instead  of  red, 
yellow,  and  blue,  the  true  primaries  were  red, 
green,  and  blue  (blue-violet). 

The  important  factor  that  we  learned  from 
these  theories  is  that  the  laws  that  apply  to 
light  do  not  apply  to  pigments.  Obtaining 
^  different  colors  by  means  ot  light  is  an 
additive  process,  while  obtaining  colors  from 
pigments  is  a  subtractive  process.  For 
example,  in  color  television  all  colors  are 
produced  from  the  primary  colors  red,  green, 
and  blue.  When  the  red  dots  of  a  color  TV 
screen  are  illuminated,  we  see  the  area  as  red. 
If  the  green  dots  in  this  area  are  also 
illuminated,  the  combination  of  red  and  green 
appears  ydlo^.  If  the  blue  dots  ar^also 
illuminated,  the  area  appears  white.  By  adding 
thp  colors  red,  green,  and  blue  in  the  correct 
j»  proportions,  all  colors  can  be  produced. 

The  subtractive  process  of  pigments  works 
entirely  different.  As  shown  in  figure  6-43, 
the  primary  colors-red,  yellow,  and 

blue-  when  mixed  in  the  proper  proportions, 
produce  the  remaining  colors  of  the 
spectrum— orange,  green,  and  violet.  Notice 
that  when  all  three  colors  are  mixed  together, 
the  result  is  black  jrather  than  white  as  in 
mixing  light. 

The  important  fact  to  remember  about  this 
discussion  of  light  and  color  is  that  although 
light  and  color  are  inseparable,  we  must  treat 
color  by  pigmentation  as  a  separate  and 
distinct  process.  Since  it  is  color  by 
pigmentation  in  which  we  are  most  interested, 
when  W9  refer  to  color  from  now  on,  we  will 
mean  pigmentation  color  unless  we  specify 
otherwise. 

^  Exercises  (066): 
1.  Who  discovered  light  rays? 


9i 


2.  What  is  dispersion? 


3.  What  is  a  spectrum? 


6^.  Color  Theory 

It  is  difficult,  if  not  impossible,  to  study 
any  subject  without  first  learning  some  of  the 
terms  that  are  used  in  discussing  its  various 
elements.  The  study  of  col6r  is  no  exception. 
Therefore,  let's  b^in  by  learning  the  three 
qualities  of  color. 


067.  Explain  the 
relationships  of  colors. 


qualities     and  the 


Color  Qualities,  li  we  look  at  any  given 
color  analytically-the'  red  of  an  apple  for 
instance— we  discover  that  it  possesses  three 
outstahding  characteristics  of  qualities— hue, 
value,  and  int^si^.  / 

Hue.  The  quality  by  which  we  recognize 
one  color  from  another  and  which  we  suggest 
by  its  name  is  called  hue.  The  apple  is  red;  red 
is  the  hue  (or  name)  of  the  color.  ^ 

We  can  alter  the  hue  ot  a  color  by  mixing 
another  color  with  it.  If  we  mix  red  pigment 
and  yellow  pigment,  we  produce  orange 
pigment.  This  is  a  change  in  hue. 
^  Value.  Next  comes  the  quality  by  which  we 
discern  lightness  or  darkness  in  a  color.  This 
^e  call  value.  It  is  by  value  that  we  are  able  to 
discriminate  between  light  red  and  dark  red. 

We  change  the  value  of  a  color  by  mixing 
something  Sghter  or  darker  with  it.  If  we  mix 
black  or  white  with  a  color,  we  change  its 
value'  but  not  its  hue.  This  change  can 
probably  be  best  sh  own  by  m  eans  of 
watercolor.  If  we  add^ater  to  red  pigment, 
we  make  the  value  ligHter,  but  we  do  not 
change  its  color  or  hue.  It  appears  as  pink, 
which  is  still  a  red  hue.  It  is  not  orai^e  or 
green  or  blue. 

We  call  ivcolor  in  its  full,  natural  s^trength 
normal  color  or  a  color  of  normal  value.  If  the 
dolor  is  lighter  than  normal,  we,  call  it  a  tint. 
If  it  is  darker  than  normal,  we  call  it  a  shade. 
These  latter  terms  ar6  so  often  abused  Uiat  it 
is  better  to  use  the  word  value;  such  as  **a 
light  value  of  red"  rather  than  **a  tint  of  red" 
or  **a  dark  value  of  blue"  rather  than  *'a  shade 
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of  blue."  Tone  is  a  word  of  such  ambi|uous 
meaning  that  it  is  best  to  employ  it  only  in  a 
general  v/ay  to  include  all  normal  colors,  tints, 
and  shades. 

Intensity.  The  third  quality  of  color  relates 
to  strength.  Some  colors  are  strong  and  some 
are  weak.  The  quality  by  which  we  distinguish 
between  them  is  called  intensity,  or  chroma. 
U  we  remark  that  an  object  is  saturated,  is 
colorful,  or  is  strong  in  color,  we  refer  to  jts 
intensity. 

.  We  can  change  the  intensity  of  a  normal 
color  by  mixing  with  it  a  pigment  that  tends 
to  dull  or  fray  it.  We  can  change  intensity 
without  6hanging  value  or  hue  by  adding 
neutral  gray  of  equaj^ue. 

Color  Relationsnips.  The  solar  spectrum  (as 
projected  onto  a  screen  by  means  of  a  prism) 
is  extremely  brilliant*.- It  is  light  itself.  If  we 
try  to  represent  this  spectrum  with  even  the  . 
purest .  pigments  obtainable,  we  cannot 
approach  its  intensity.  Each  pigment  absorbs 
many  of  the  light  rays  that  come  in  contact 
with  it  and  tends  to  reflect  portjons  of  hues 
other  than  the  dominant  one.  White  paper 
reflects  only  a  little  more  than  half  of  the 
^ light  that  falls  upon  it. 

As  you  know  from  our  previous  study  of 
light  and  color,  the  spectral  hues  red,  green, 
and  blue-violet  are  classifieds  as  primary;  and 
by  mixing  these  three  hues  in  proper 
combination,  all  other  spectral  hues  can  be 
produced.  These  primaries,  in  properly 
balanced  mixture,  also  produce  white.  But  in 
dealing  with  pigments,  approximations  of 
these  spectral  primaries  do  not  prove  primary. 
If  we  mix  red  and  green  for  instance,  we  get 
gray  instead  of  the  yellow  as  is  the  case  in 
spectral  mixture.  You  cannot  produce  normal 
yellow  by  mixing  any  other  tfolored  pigments. 
You  cannot  produce  white  by  mixing  any 
combination  of  colors. 

Primary  colors.  Various  authorities  select 
different  pigment  colors  as  primary.  Perhaps 
the  most  widely  used  primary  concept  and-by 
far  the  easiest  to  understand  is  the  red, 
yellow,  and  blue  concept  of  Brewster.  From 
these  three  prinary  cyolors,  almost  any  desired 
h^ecan^be  mixed. 

Secondary^  colons.  By  mixing  any  two 
primary  colbrs,  w^can  produce  a  full  range  of 
intermediate  hues.  Thje  hue  that  is  midway 
between  the  two  primaries  is  called  a 
seconday  •  color.  For  example,  if  we  mix 
varying  proportions  of  red  and  yellow,  we 
obtain  a  full  range  of  oranges.  The  orange  that 
stands  midway  between  red  and  yellow  is  a 
secondary  color.  In  the  same  way  we  can 
produce  green  by  mixing  yellow  and  blue  in 
the  appropriate  proportions  and  can  produce 
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violet  by  mixing  red  and  blue.  These  three 
secondary  colors-orange,  oreen,  and 
violet-together  with  the  three  pikaaries-giye 
us  six  leading  colors.  Mdst  coloring  sets  will 
include  at  least  these  six  colors. 

Some  books  say  that  mixing  equal  parts  of 
primary  yellow  and  primary  blue  will  produce 
secondary  green.  This  is  not  always  true. 
Yellow,  though  extremely  intense,  is  light  in 
value.  Blue;  is  dark,  but  less  intense.  In  equal, 
mixture,  therefore,  one  may  outweigh^  the 
other,  and  a  normal  green  may  not  result. 

Tertiary  colors.  By  continuing  the  mixing 
process  further,  you  can  obtain  six  tertiary 
colors— red-orange,  yellow-green,  blue-violet, 
yellow-orange,  blue-green,  and  red-violet.  In 
compounding  these  names,  ^as  **red"  with 
**orange"  to  make  **red-orange,"  the  primary 
name  is  usually  placed  first,  indicating  an 
excess      of  over     the  other 

component— primary  yellow. 

Experimenters  in  the  field  of  cdor  have 
invented  an  extremely  valuable  .device 
commonly  known  as  the  color  wheeK  An 
example  of  one  type  of  color  wheel  is  shown 
in  figure  6-44.  A  color  wheel  is  really  a  simple  ^ 
scale  tor  measuring  hues.  Although  there  is  no 
arbitrary  rule  as  to  the  number  of  colors  in  a 
wheel,  a  12-hue  wheel  is  convenient  *since  it 
€5xactly  accommodates  the  3  primaries,  3 
secondaries,  and  6  tertiaries. 

By  saying  that  such  a  wheel  is  a  scale  for 
measuring  hues,  we  by  no  means  classify  it  as 
a  scientific  apparatus.  The  approximate 
measurement  of  any  hue  can,  however,  be 
quickly  judged  by  the  eye  if  the  hue  is 
referred  to  the  hues  of  the  w^eel  for* 
coniparison. 

Complementary  colors.  The  color  wheel 
^an  also^  be  used  to  show  toother  color 
relationship— complementary  colors*  Before 
we  use  the  wheel  to  determine  or  to  show  the 
relationship  of  complementary  colors,  let's  go 
back  to  the  study  of  light  to  get  a  clear 
definition  of  the  term  complementary. 

Recall  that  we  see  an  object*  because  that 
object  has  the  ability  to  absorb  some  of  the 
light  that  falls  on  it  ahd  to  reflect  the  rest  of 
the  Jight  The  rays  absorbed  by  the  object  are 
said  to  be  complementary  to  those  reflect^ 
because  if  the  absorbed  light  could  b^ 
combined  with  the  reflected  light,  white  light 
would  be  produced.  Or  if  we  take  the  spectral 
colors,  we  find  that*  blue-green  is  the 
complement  ,of  primary  red  because  when 
these  colore  combine  they  produce  white 
light.  Likewise,  when  blu^violet  and  yellow 
or  green  and  purple  are  combined,  they 
produce  white  light  Therefore,  red  and 


blue-green,  green  and  purple,  and  yellow  and 
blue-violet  are  complementary  spectral  colors. 

The  importance  of  these  facts  about 
complementary  spectral  colors  is  that  we  can 
draw  valuable  parallels  in  terms  of 
pigmentation.  For  example,  if  we  mix 
together  our  pigment  primaries,  we  get  gray 
instead  of  the  white  produced  by  spectral 
mixture-this  difference  being  mainly  due  to 
the  dullness  or  impurity  of  pigments  when 
compared  to  light. 

Pigment  complements  can  be  identified  in 
much  the  same  manner  as  the  compleinents  of 
spectral  colors.  By  mixing' primary  red  JDth 
primary  blue,  we  obtain  a  secondary— violet. 
This  is  the  complement  of  the  third 
primary-yellow,  and  vice  versa.  In  other 
words,  the  secondary  obtained  by  mixing  any 
two  primaries  is  tiie  complement  of  the  third 
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primary.  It  follows  that  if  a  primary  is  mixed 
with  the  secondary  that  is  its^^iomplement, 
'the  result  will  approximate  netrfral  gray^since 
the  secondarj^  is  made  up  .of  the  other  ,two 
primaries,  the,  three  primaries  are  actually 
being  mixed.  Further  (and  this  i^  the  wonder 
of  the  color  wheel  to  which  we  have  been 
leading),  any  hues  exactly  opposite  on  a 
weD-prepared  color  wheel  are  complementary, 
as  you  can  see  in  figure  6-44. 

We  cannot  oi^eremphasize -the  promineht 
position  these  complementary  hues  have  in 
work  with  jjigmenta.  You  should  use  figure 
6-44  to  memorize  the  principal  pairs.  This  will 
L  be  very  useful  in  mixing  colors.  When  a  color 
and  its  complement  are  mixed  together,  each 
tends  to  dull  or  neutralize  -the  other;  but . 
when  placed  side  by  side,  each  emphasizes  or 
accentuates^  the  other.  Thus,  complements 
have  the  power  to  destroy  and  to  reinforce, 
^  according  to  how  they  are  used. 

Let  us  examine  the  destructive 
characteristic  of  complements  and  see  how  we 
can  use  it.  Suppose  you  have  mixed  a  Wash  of 
p^range  and  it  is  too  bright  for  your  purpose. 
Mixing  it  with  water  will  make  it  lighter,  but 
not  duller.  How  can  you  modify  its  intensity? 
By  adding  gray?  Yes,  but  the  use  of  gray 
often  has  a  deadening  effect.  Instead,  add 
complementary  blue.  This  will  dull  the  orange 
but  will  not  destroy  its  richness.  In  the  same 
way,  if  you  have  painted  a  green  hillside  and 
it^  seems  too  vivid,  lay  a  pale  wash  of  red  or 
red-violet  bverV. 

As  an  example  of  the  reinforcing 
characteristics  of  complements,  suppose  that 
yovi  are  pajnting  a  building  that  is  in  bright 
sunlight.  You  can  enhance  the  brilliancy  of 
the  yellows  and  oranges  by  opposing  them 
with  blue  or  violet  shadows. 

Value.  The  easiest  approach  to  the  study  of 


color  value  ^  relationships  ,  is  through 
comparison  "with  black  arid  white.  lx\  black, 
we  have  the  lowest  of  all  values— black 
standing  for  the  absence  of  light.  In  white,  we 

•have  the  highest  value  that  our  paper  and 
pi^ents  permit— white  representing  the 
maximum  presence  of  light.  'Diis  gives  us  two 

■  predetermined  .  extremes.  By  mixing  black 
with  white  in  varying  proportions,  we  can 
obtain  innumerable  intermediate  *  values  of 
gray.  It  is  customary  to  establisli  a  limited 

"  numb§r  of  progressive  steps  or  intervals.  If  we 
use  seven  steps  of  gray  plus  black  and  white, 
we  form  a  value  scale  Uke  the  one  shown  in 
the  center  column  of  figure  6-45.  This  scale 
can  be  used  very  successfully  in  comparing 
the  value  relationship  of  the  12  colors  of  the 
color  wheel. 

If  we  divide  the  12  colors  of  the'  wheel  into 
2  equal  groups  and  arrange  them  oppdtsite  to 
the  gray  ^values,  as  shown  in  figure  6-45,  we 
can  quickly  compare  tbe  values  of  the  colors 
with  the  values  of  the  grays.  Notice  that  these 
values  have  been  given  names  on  the  scale. 
Also  notice  that  yellow  has  the  same  value  as 
the  gray  identified  as  high  light;  ye^ow-orange 
and  yeUow-green  have  the 'same  value  as  light; 
orange  and  green  match  with*  low  light; 
red-orange  and  blue*green  with  middle  gray 
red  and  blue  compare  with  high  dark;  and 
violet  has  the  value  of  low  dark.  Remember 
fhat  the  colors  shown  are  at  full  intensity.  Of. 
course,  if  we  use  tints  and  shades^  of  thei 
various  colors,  wQ.can  create  separate  scales 
for  each  color.  It  is  obvious  that  we  could  not 
get  many  tints  of  yeUow  or  many  shades  of 
violet  because  of  ^their  nearness  to  the  value 
limits  of  white  and  black. 

Contrast.  If  we  arrange  colors  (this  includes 
black,  gray,  and  white)  side  by  side  so  that 
one  is  seen  against  a  larger  area  qf  another, 
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they  tend  to  modify  one  another.  In  other 
words,  colors  modified  in  appearance  by 
their  *  ♦  proximity  to  '  other  colors.  This 
modification  can  be  seen  in  figure  646.  Let 
us  first  consider  modification  in  terms  of 
grpy.  Notice  that  the  two  discs,  which  have 
tho  came  vjdue,  appear  to  be  of  different 
values  because  their  immediate  surroundings 
have  a  different  effect  upon  them.  The 
apparent  change  in  value  is  not  the  only  way 
in  which  the  discs  are  affected.  There  is  also 
an  apparent  change  in  size.  The  disc 
surrounded  by  the  darker  value  appears 
slightly  larger  than  the  one  surrounded  by  the 
li^t  value  of  gray.  This  is  known  as  the 
radiation  effect. 

'Value  is  not  the  only  factor  which  is 
affected  by  environment.  If  you  place  a  small 
square  of  neutral  gr^  on  a  blue  background, 
the  gray  seems  to  take  on  an  orange  cast.  The 
same  gmy  against  orange  shows  a  hint  of  blue. 
.  This  is  quite  evident  when  you  use  large 
squares  of  blue  and  orange  placed  side  by  side 
and  lay  a  piece  of  tracing  paper  over  tKe 
whole  area. 

As  a  striking  test,  lay  small  green  disc 
the  centers  of  two  adjacent  large  squares,  I 
li^t  yellow  and  the  other  dark  blue] 
represented  in  figure  6-46.  The  green  ags 
the  yellow  seems  darker  in  value  than  aga 
the  ,blue  and' appears  slightly  blue-greenXin 
hue.  The  green  against  the^blue  seeins  slighfljj 
lifter  and  appears  slightly  yellowish.  Not 
^only  db  'the  two  small  green  areas  apparently 
change,  but  the  yellow  in.  contrast  with  the 
green  and  blu^  seems  slightly,  orange,  and  the 
»^blue  -in  contrast  with  the  yellow  and  green 
^  iippears'a  bit  purple.  This  test  ^demonstrates 
that  colors  are  influenced  in'hue'by  adjacent 
colors,  each  tinting  its  neighbor  with  its-  own 
complement.  Intensities,  as  well  as  values,  are 
affected     by     environment.     If  two 
complementary  colors  lie  side  by  side,  each 
seems  more  intense  than  by  itself. 


Exercises  (067):  ^ 
1.  Match  the  terms  in  the  left  column  with 
the  quality  of  color  they  most  nearly 
describe  or  wi^  which  they  are  most 


2.  Why  don't  we  use  the  same  primaa^  colors 
in  pigments  that  we  use  in  spectral  colors? 


3.  Designate  the  two  primary  colors  which  are 
mixed  together  to  produce  each  secondary 
colorTlisted  in  the  left  column. 

^1.  Green  a.  R«d 

_2.  Orange  b.  Yellow 

_3.  Violet       .  c.  Blue 

4.  Why  is  it  convenient  to  use  a  12-hue  wheel 
as  a  measuring  scale  rather  than  a  wheel  of 
more  or  less  colors? 


nearly  asscciatod. 
_l.Tint. 

 %  LightncM  or 

nesa. 

 4.  Chroma. 

_6.  Shade. 
__6.  Strangth. 
_7.  Color. 
 8.  Normal  color. 


dark- 


a.  Hue. 

b.  Value. 

c.  Intensity. 


5.  Where    on    the   color  wheel 
complementary  colors  located? 


are 


the 


6.  In  what  way  does  the  environment 
which  a  color  is  placed  affect  the  color? 


m 


6-5.   Color  Harmony 

Certain  combinations  of  colors,  whether  ii;_ 
nature  or  art,  are  agreeable  to  the  eye  and 
mind,  whereas  others  give  offense.  We  call  the 
former  harmonies  and  the  latter  discords. 

Jyst  as  numerous  attempts  have  been  made 
to  discover  the*  laws  of  light  and  color,  greaf 
effort  has  been  expended  in  trying  to  find  tM 
'reasons  why  some  color^  combinations  are 
'  pleasing  and  others, are  ndt,  and  to  devise  laws 
to  insure  harmonious; use  of  color.  Howevor,^ 
in  view  of  our  previous  discussion  on  Ihe 
effects  bf  environment  on  color,',  we  know 
that  color  hamjony  is  nOt  merely  a  matter  of 
selection  but  also  a  matter  of  arrangement. 
Area,  oscillation,  radiation,  texture,  and  color 
htness  are  all  factors  that  influence  color 
harmony.  Therefore,  these  factors  must  all  be 
considered  when  we  select  color  schemes. 


068.  Relate  the  terms  monochromatic, 
analogous,  complementary,  and  triad  to  color 
harmony. 


One  Color  with  White*  Gray,  and/or  Black- 
The  simplest  scheme  is  tl^at  of  an  individual 
hue  used  in  one  value  and  intensity  in 
conjunction  with  white,  gray,  and/or  black, 
and  sometimes  with  silver  or  gold,  A  common 
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illustration  of  this  scheme  is  the  booklet 
printed  with  black  ink  on  white  paper  (the 
type  masses  giving  the  impression  of  gray)  and 
a  cover  of  colored  stock. 

Schemes  of  this  type  seldom  give  offense. 
As  a  rule,  if  a  single  color  is  used  with  large 
areas  of  black,  a  warm  one—red,  orange,  or 
rich  yeUow— is  most  effective.  These  color 
have  a  brilliancy  and  vigor  which  appear  to 
relate  them  to  black.  If  such  cool  colors  as 
blue,  blue-green,  or  blue-violet  are  used  with 
black,  they  are  at  their  best  when  quite 
^^^^j^  intense, 

/-^^y  White  often  impresses  us  as  somewhat 
warm.  If  a  single  color  is  used  against  it,  a 
rather  dark,  cool  one  gives  the  happiest 
contrast.  Blue  and  white  have  always  been  a 
popular  combination.  For  softer  effects,  the 
light,  warm  colors  are  suitable,  though  many 
colors,  especially  if  used  as  tints,  are  usually 
pleasing  against  white. 

Monocnromatic.  This  scheme  is  merely  an 
extension  ^f  the  previous  one  to  inclu&e  aU 
values  and  intensities  of  a  hue,  and  is  used 
with  or  without  white,  gray,  or  black.  The 
most  frequent  illustration,  perhaps,  is  the 
drawing  on  white  paper  with  a  single  color 
such  sepia,  the  values  ordinarily  varying^rom 
light  tints  to  dark  shades.  We  might  say  that 
the  use  of  one  color  does  not  constitute  color 
harmony,  since  there  is  nothing  with  which 
the  color  can  pos^bly  agree  or  disagree.' 
Strictly  speaking,  this  is  true,  and /such 
schemes  run  the  danger  of  becojning 
monotonous.  Howeyet,  it  is'  surprising  how 
colorful  some  such  arrangements?  are*  If  you 

/wish  to  get  sli^tly  more  variety  lhan  the 
strictly  njonochibmatic'schenSe  affords',  you 
can  simply  add  inconspicuous  suggestions  of 
other  colors. 

Anologoul  An'  analogous  or,  as  it  is 
sometimes  called,,  related  color  scheme  is 

.made  up  of  cplors  which  we  nearby  in  the 
spectrum.  For  example,  4||^e,  yellow,  and 
green  form  an  analogous  scheme,  since,  they 
all  contain  the  common  factor  yellow. 

A  glance  at  the  color  wheel  will  show  you 
which  groups  of  colors  are-  analogous.  If  we 
start  with  yellow,  we  note  that  yellow-orange 
and  yellow-green  (which  are  made  up  largely 

*  ^of  yellow)  are  particularly  close  in 
relationship.  These  three  forth  a  close 
analogy.  If  to  these  we  add  orange  and  green, 
each  of  which  contains  some  yellow,  this 
entire  5-hue  group  is  analogous.  We  can  even 
include  red*orange  and  blue-preen  because 
both  of  these  contain  a  slight  amount  of 
yellow.  Out  of  the  12  hues  of  our  scale,  this 
gives  us  7  hues  that  are  somewhat  related  due 
to    their    yellow    content.    In  arranging 


analogous  schemes,  thie  more  of  the  circle  that 
we  include,  the.  greater  our  difficulties 
become.  Therefore,  typical  analogous  schemes 
usually  do  not  take  in  more  than  one-third  or 
a  quarter  of  the  color  wheel. 

Although  analogous  schemes  are  often 
among  the  most  pleasing  and  are  as  easy  as 
any  to  handle,  the  very  unification  which 
makes  them  harmonious  may  at  the  same 
time  make  them  monotonous.  As  an 
^illustrator,  you  must  seek  to  develop  in  them 
sufficient  hufe  interest  (as  well  as*  variety  of 
value,  intensity,  and  arrangement)  to  prevent 
monotony. 

One  of  the  easiest  me^  of  obtaining^ 
interest  in  an  analogous  scheme  is  by  placing/ 
emphasis  on  a  dominarlt  hue.  There  are 
various  ways  of  making  a  particular  hue 
dominant.  You  can  give  it  a  largfe  area,  a  dark 
value  (against  a  hghter  background),  a  light 
value  (against  a  darker  background),  or  make 
it  intense.  ^ 

You  can  also  prevent  an  analogous  scheme 
from  becoming  monotonous  by  introducing 
.  complementary  accents.  ^  Such  accents, 
particularly  if  brilliant,  generally  have  a  power 
out  of  all  proportion  to  their  size.  A  single 
touch  of  color  <!^^lemeritary  to  one 
hue— usually  the  dominant-xan  ,  give 
'  surprising  life  to  an  otherwise  dull  analogous 
scheme.         ,  ' 

Complementary,  Under  "  this  heading,^ 
-  sometimes  known  as  harmonies  of  contrast^ 
we  can  include  any  pleasing' schemes  which 
cpnspicuously  introduce  opposite  qolors.  In 
fact,  the  maiority  of  all  color  schemes  are  to 
an'  extent  contrasting,  the  contrast  usually 
being  .developed  by  means  of  complements. 
However,  you  should  not  bas^  a  color  scheme 
on  complementary  colots  in  equal  areas  arid 
full  strength.  A  large  red  area  and  a  small 
green  area,  for  instance,  often  seem 
harmonious  because  the  dominant  red  gives 
unity  to  the  combination.  Likewise,  a  brilliant 
red  can  be  employed  successfully  with""  a 
neutralized  green,  even  though  the  areas  are 
equal,  for  the  red  \viir  dominate.because  of  its 
superior  intensity.  ^ 

Near  and  split  complements.  Complements 
which  are  only  approximate,  commonly 
called  near  complements,  seem  more  pleasing 
than  those  that  are  true  complements.  The 
term  "near  complements''  is  self-explanatory. 
Violet  is  the  true  complement  of  yellow, 
while  blue-violiet  and  red-violet  are  near 
complements.  If  we  sp^ak  of  these  near 
complements  in  their  relation  one  to  the 
other,  we  call  them  split  complements,  as 
they  are  split  or  separated  by  the  true 
complement. 
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Triad.  If  we  base  a\olor  scheme  cxa  a  color 
and  its  split  complemehts,  or  on  hues  mixej 
from  them,  we  can  obtain  a  fairly  wide  range 
of  hues;  but  none  of  them  will  be  brighter 
than  the  color  itself  and  the  two  split 
complements  in  their  full  intensity. 
Sometimes,  such  a  range  proves  too  limited; 
so  in  glace  of  these  split  complements,  which 
are  closely  related  to  the  complement  itself, 
we  use  otiier  split  complements,  each  a  step 
further  rismoved.  In  the  12-color  wheel,  for 
example,  if  we  take  yellow  as  a  hue  to 
dominate  a  color  scheme  and  the  split 
complemaits  red-violet  and  blue-violet  prove 
too  dull  to  hold  their  owi\,  we  can  substitute 
red  and  blue.  In  this  case,  we  are  using  three 
colors  equally  spaced  on  the  wheel.  We  call 
this  a  triads 

Thou^  mixtures  obtained  from  triads  can 
be  very  rich  and  beautiful,  triads  by  no  means 
guarantee  color  harmony.  The  red,  yellow, 
and  blue  triad  is  made  up  of  our  three 
primaries  from  which  we  know  practically  4dl 
colors  can  be  mixed--discor<ls  as  well  as 
harmonies;  To  getK  effective  results,  therefore, 
you  must  use  one  of  the  three  hues  as  the 
dominant  one  and  mix  a  little  of  it  with  the 
other  two. 


Exercisea^(068): 

1.  What  colors  are  considered  warm,  and  what 
colors  are  considered  cool? 


2.  Whichsfcrpe  of  color  harmony  is  most  likely 
to  becOTie  monotonous? 


3.  You  can  prevent  an  analogous  color  scheme 
from  becoming  monotonous  •  by  adding 
 ^  accents  to  your  illustration. 


4.  A  complementary  color  scheme  is  based  on 


5*  A  color  scheme  which  is  based  on  three 
equally  separated  colors  is  called  a  .  ^ 


**  NOTE:    Pages  90  and,  91  are  missing  due  to  deleted  material* 
information  was  omitted. 


No  pertinent 
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CHAPTER  4 

035  - 1.  Choofle  any  two : 

a.  Hare  t  pltce  for  each  piece  of  equipment 
and  keep  it  there  when  not  in  use. 

b.  Keep  all  instrumenti  used  to  dispense  ink 
or  other  liquid  media  CUBAN. 

c.  Never  expose  any  pointed  equipment  to 
the  possibility  of  point  damage. 

d.  Never  use  any  instrument  for  any  pur- 
pose except  that  '  for   which  it  was 

:  designed, 

036  •  1.  A  drawing  table,  chair  or  stool,  and  a 

tabouret  or  storage  area, 

036  -  2.  Over  the  left  shoulder  and  from  the  left- 
front.  . 

036  -  3.  So  that  if  you  ^esire  to  work  m  a  standmg 
position^  you  can  do  so  without  stoopmg  or 
raising  your  arms. 

036  -  4.  Because  it  is  timesaving  and  decreases  tne 

likelihood  of  damage.' 

037* •  1.  So  that  if  an  eralure  does  occur  the  surface 
can  be  redrawn  upon, 

037  -  2.  So  the  drawing  will  fit  a  sUndard  letter  size 

filing  cabinet. 

037  -  3.  Tracing  paper  is  t!  translucent  or  transparent 

paper  used  lo  trace  drawings  or  blueprints 
when  reproduction  of  thp  original  is  not 
possible.  ,^ 

038  -  1.  Hard,  medium,  and  soft. 

038  -  2.  PonicaU  wedge,  and  elliptfcal. 

038  -  3.  The  disadvantage  of  using  an  ordinary  draw- 

ing pencil  is  that  as  you  sharpen  it,  it 
becomes  shorter  and,  more  difficult  to  han- 
dle. 

039  •  1.  It  will  not  destroy  the  surface  of  the  paper  if 

used  properly. 
039-  2.  It  can  hold^  any^  shape,  ^  has -few  erasure 


qrumbs,  picks  up  graphite  dust  and  tends  ^ 
clean  itself  when  kneaded. 

1.  Drawing  ink  is  finely  ground  carbon  suspen* 
ded  in  liquid  with  gum  arabic  added. 

2.  Light  blue  and  white. 


Materials 
a.  Pencils. 

Paper  or  illus* 
tration  board. 
Erasers. 
Ink. 


b. 

c. 
d. 


041-  1.  Materials  Tools 

a.  Drawing  board. 

b.  T-square. 

c.  Triangles. 

d.  Protractor. 

e.  Scaled!  ' 

f.  Irregular  curves. 
.  g.  Instrument  set.^ 

04lSi2.  A  drawing  board  should  be  well  seasoned 
clear  white  pine  or  basawood.  It  should  be 
cleated  together  to  prevent  warping. 

041  -  3.  By  drawing  a  line  the  complete  length  o^  the 

working  edge,  turn  the  T-square  over,  and 
draw  the  line  again  along  the  same  edge. 

042-  1.  30"*  to  60**  and  a  45V 

042  -  2.  To  draw  lines  vertically  for  Sloping  at  a 

prescribed  angle  fin  cohjunction  with  the 
T-square. 

042  •  3.  A  protractor  is  used  for  setting  off  and 

measuring  angles  fr6m  O*",  to  360** . 

t 

043  -  1.  Mechanical  engineer's,  civil  engineer's  and 

architejct*s  scales.  ^  , 

043  -  2.  a.  A  mecfianical  engineer's  scale  is  used  to 

draw  machine  parts  and  small  structures 
where  the  size  is  never  less  than  1/8  the 
original.  ' 

b.  A  civil  engineer's  scale  is  used  mainly  for 
plotting  and  drawmfe^maps  and  any  work 
whete  the  divisions  *  are  in  tenths  of 
inches. 

c.  An  architect's  scale  is  used  on  any  dimen- 
sion where  feet  find  inches  are  required. 

044  -  1.  An  irregular  curve  is  used  to  draw  a  imooth 

li^e  through  a  rtumber  of  predetermined 
points. 

• 

045  -  1.  Because  you  rAight' jaend  the  nibs  fnd  ruin 

the  pen. 
045  -  2.  Detail. 

045  •  3.  Sharp  points,  unequal  length  of  ni^,  and^ 
. '     flattened  poipts.  ^ 

046 Compass  and  dividers. 

046  -  2,  A  proportional  divider  is  a  type  of  divider 
,  that  has  a  movable  pivot  point  with  needle 

'i)oints  on  each  end.  The  movable  pivot 
^     allows  th^  sftort  end  to  be  adjusted  to  a  ratio 
of  the  long  end. 
046  -  3.  Three  instruments— bow  pen,  pencil,  and 
divider. 


047 


1.  A  drafting  machine  is  a  t\mesaving  device  . 
that  replaces  the  T-square,  triangle,  scale, 
and  protractor. 


CHAPTKR  5 


048  -  1,  Text,  Gothic,  and  Roman. 

048  •  2.  Printing^  imposed  changes  in  the  mechani- 
cally pSrefected  letter-it  began  a  trend 
toward  simplicity  and  ease  of  construction. 
>  048  •  3.  Compressed;  condensed. 

048  •  4.  Exiended.  | 


ERIC 


128 


.  98. 


049-  1.  ^»ettcr  nomenclature  «  the  naming  of  the 

various  parts  of  the  letter. 
049  •  2.  Roman  letters. 
049 >^  3.  A  swell.  ^ 


050 
050 


050-3 


1.  The  stem  snd  oval. 

2.  The  stem  is  that  straight  vertical  or  vertical 
slant  lines  that  forms  more  than  four^fifths 
of  all  letters.  . 
The  six  basic  strokes  of  lettering  sre  horizon- 
tal, vertical,  diagonal  left,  diagpnal  right, 
counterclockwise    curve,    and  clockwise 


050-4.  67V^^  ^  ,  ^ 

050  •  5.  If  the  letter  A  does  not  extend  ilightly  above 

the  cap  line,  it  will  appear  smaller  than  the 
rest  of  the  letters.  • 

051  •  1.  Proportion,  stability,  and  uniformity. 

051  •  2.  Uniformity. 

052- 1.  Because  sU  letters  are  not  regular  in  shape. 

052  •  2.  There  should  be  a  f«ull  space  between  d  and  b 

because  the  stems  of  these  letters  are  full 
height.  The. space  between  the  o  and  b 
should  be  slightly  narrower  to  compensate 
for  the  spsce  sbove  the  o. 

052-  3.  Four. 

053-  1.  Clean;  firm;  opsque. 

053  •  2.  The  first  requirement  in  lettermg  is  holding 

the  pencil  or  pen  correctly  and  comfortably. 

054  -  1.  Baxch-Payzant  pens,  speedball  pens,  techni- 

cal fountain  pens,  and  Leroy  pen*. 
054  '  2.  One  that  is  well  broken  in. 
054  -  3.  A  speedball  pen  is  s  pen  that  comes  in 

various  ^izes,  and  no  less  than  four  types. 


055 


055 
055 :  3 
055-  4 
055-  5 


1.  The  tips  or  points  of  the  lettering  brush  is 
*  always  the  natural  end  of  the  hair  or  brUtle. 

Other  brushes  may  have  trimmed  ends,  or 
even  artifical  hair  or  bristles. 

2.  Reds^ble. 
-  Never. 

Rounds,  brights,  and  flaU. 

a.  Rounds  are  brushes  that  come  to  a 
point— which  varies  from  fairly  shsrp  to 
quite  blunt. 

b.  BnghU  are  flat  brushes  with  sharp  cor- 
ners— have  little  thickness  of  bristle  and 

their  length  is  about  one' and 
one -half  times  their  width. 

c.  FjaU  are  broad  "with  flattened  ferrules 
snd  straight  edges. 

056  •  1.  A  sundard  lettering  set  consisU  of  a  set  of 

templates,  a  scriber,  and  a  set  of  pens. 
066  •  2.  Eleven. 

056  •  3.  The  UUpen  is  the  bsck  pert  of  the  scnber 

V  that*  rides  in  the  straight  groove  of  the 
template. 

057  -  1.  a.  Letters  can  be  applied  directly  to  finished 

artwork.. 

b.  Can  be  applied  to  sny  smooth  surfsce. 


060 
060 

061 
061 


CHAPTER  6 

068  •  1.  Opscity  of  the  ink  and  iU  cspacity  to 
contrast  shsrply  with  the  illustration  surface^ 
058  -'2.  Acroquill. 


058  -  3.  Clear ;  sharp;  consistent. 
058-4.  Crosshatching.     .  ^ 

059  - 1.  Textured  or  rough. 

060-1.  Chemical  developed  shading  medium,  trans- 
parent film  patterns,  and  tones, 
2.  Timesaving  and  special  effects. 
.  3.  By  overlapping  the  same  patterns  or  ditter- 
ent  patterns  of  transparent  film, 

.  1  Scratchboard  is  an  excellent  medium  for 
illustrating  dark  objecU  with  many  deUils 
and  highlights.  •  • 

.  2.  Scratchboard  is  grestly  affected  by  moisture, 
oil,  changes  in  temperature,  and  humidity. 
Sharp  blows  or  dents  will  cause  the  chalk  ^ 
like  coating  to  chip  or  flake. 

062-  1.  The  rubbing  with  either  a  stump  or  the 
finger  will  / cause  a  blending  into  a  smooth 
grayed  tone. 

062  -  2.  Carbon  or  lithographic  pencils  have  a  dark, 

mat-finish.  Lesd  or  graphic  pencils  leave  a 
shiny  grayed  surface. 

063  -  1.  A  wash  illustration  is  an  illustration  painted 

with  s  diluted  pigment  in  water  to  produce  a 
transpsrent  effect. 
063  -  2  Since  a  wash  is  laid  on  an  inclined  surface,  it 
must  be  started  at  the  top  so  thst  the  diluted 
pigment  will  settle  toward  the  bottom, 
producing  an  even  tone.  ,  u 

063  •  3   Soft,  fluid  effects  Jn  wash  are  obtained  by 

working  "in  the  area  while  the  wash  is  still 
wet. 

6eZ  •  4.  By  laying  masking  tape  along  the  edge  and 
spplying  the  wash  right  up  to  the  tape. 

064-  1.  Becsuse  opaque  watercolor  laid  over  any 
color,  either  lighter  or  darker,  covers  and 
replsces  the  undercolor. 

064  -  2.  Semistipple  and  dry  brush. 

An  airbrush  is  an  excellent  tool  for  illustrat- 
ing because  it  is  capable  of  producing  even 
tones,  gradual  variations  in  value,  and  shsrp 
tonal  contrast. 

2.  Mask;  frisket. 

3.  BLaised  mask. 

4.  With  transpsrent  pigments,  the  amount  of 
paint  applied  determines  »the  value.  With 
opaque  pigment,  the  sddition  of- white  for 
lighter  vslues,  and  black  for  darker  values. 
Before  airbrushing,  you  should  check  the 
needle  for  proper  seating  and  security, 
attsch  the  color  cup,*sttach  the  hose,  check 
the  air  pressure,  mix  paint,  and  f'll  the  cup. 

6.  25  pounds. 

7.  The  airbrush  has  a  control  level,  push  down 
releases  the  air  and  pull  back  releases  the 
paint. 

8.  (a)  The  distance  between  brush  and  psper. 

(b)  The  position  of  brush  in  relation  to 
paper. 

(c)  The  movement  of  lirush  across  paper. 

(d)  The  amount  of  paint  released  by  the 
control  level.  . 

'9.  Improper  airbrushing  techniques  are  indica- 
ted by  grain,  psper  buckling,  blobs,  flared 
strokes,  centipede  effect,  spatter,  and  curved 
strokes. 


065-  1 


065 
065 
065 


066  -  5 


065 
065 


065 


065 


^  066  -  1.  Sir  Isaa9  Newton. 
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066-2.  Dispersion  il  the  »eptration 

bands  of  color. 
066  •  3.  Spectarum  ii  the  reiulting  banda  of  color 

caused  by  dispersion. 


067  -1.  1  .  b;  2  •  b;,3  •  a;  4  •  c;  5  -  b;  6  •  c;  7  -  a;  8  -  b. 

067  -  2,  The  same  pigment  colors  when  mixed  will 
not  produce  all  colors.  It  is  impoMible,  for 
instance,  to  produce  yellow  by  mixing  col- 
ored pigments. 

067  -3.  l  b  and  c.  * 
2'aandb. 

3  •  a  and  c.  ^ 
067-4.  A  12-hue  wheel  ia  convenient  because  it 
exactly  accomodates  the  3  primary,  3  secon- 
dary, and  6  tertiary  colors. 


light  rays  into       067  •  5.  Complementary  colors  are  located  directly 

opposite  each  other  on  the  color  wheel. 
067  •  6.  The  environment  affects  the  hue,  value,  and 
•   intensitjy  of  the  cplor.  It  can  even  cause  an 
apparent  change  in  tAe  size  of  the  afea 
occupied  by  the^  color. 


068  •  1.  Red,  yellow,  and  orange*  are  considered 
warm  .  colorji,  while  blue-green,  blue,  and 
blue-violel  are  considered  cool  color^. 

068  •  2.  Monochromatic  schemes  are  most  likely  to 
be  monotonous. 

068  •  3.  Complementary. 

068  -  4.  Contrasts. 

068  -  5.  Triad.* 
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1.  MATCH  ANSWER       2.  USE  NUMBER  1  OR 
SHEET  TO  THIS  ;N  U  M  B  E  R  2  P  p  N  C IL 

TOP-  EXERCISE  NUM- 

BER. 

r 

23151.  01  21 
EXTENSION  COURSE  INSTITUTE 
<y  .  VOLUME  REVIEW  EXERCISE 

FUNDAMENTALS  OF  GRAPHICS 

Carefully  read  the  folloyng:  • 
'DO'S: 

1  Check  the  "course,"  "volume."  and  "form"  numbers  from  the  answer  sheet 
address  tab  agamst  the  "VRE  answer  Sheet  identification  number  in  the 
righthand  column  of  the  shippirig  list.  If  numbers  do  pot  match.  ^ke^cUon 
trretum  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a 
note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 
to  column.  < 

3.  Use  a  medium  sharp  #1  or  #2  black  lead  pencil  for  marking  answer  sheet. 

4    Circle  the  correct  answer  in  this  test  booklet.  After  you  are  sure  of  your 
■    answers,  transfer  them  to  the  answer  sheet.  If  you  has't  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  eraser. 
But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  emire  answer  sheet  to  ECI.  " 

6.  Keep  Volume  Revie^  Exer^cise  booklet  for  review  and  reference. 

7.  If  mandaiOTily  enroUed  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  Molmtarxly  enrolled  student,  send  questions  or  comments  to  ECI  on  tCi 
Form  17. 

DON'TS:  ^  ' 

1.   Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2    Don't  mark  on  the  answer  sheet  except  to  fiU  in  marking  blocks.  Double 
marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 
errors.  , 
3/  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet.  > 
,  4    Don't  use  ink  or  any  marking  other  than  a  #1  or  #2  black  lead  pencil. 

NOTE-  NUMBERED  LEARNING  OBJECTIVE  REFERENCES.  ARE  USED 
NOTt.  ^^MBt  £^  EXERCISE.  In  parenthesis  after  each 

hem  member  on  the  VRE  is  the  Learning  ObiecUve  Number  where  rht 
amwerTo  tLt  item  can  be  located.  When  answering  the  items  on  the 
VRE  refer  to  the  Learning  Objectives  indicated  by  these  Numbers.  The 
VRl^esul  s  wiu  be  sem  to  you  on  a  postcard  which  will  list  the  actual 
III  u  Tyou  missed.  Go  to  the  VRE  booklet  and  locate  the  L«. 
Ob^Jile  Ntmbers  for  the  items  missed.  Go;o  the  ^" J^^^"/^ 
review  Ihe  areas  covered  by  these  references.  Re^view  the  epure  VRE  again 
before  you  take  the  closed-book  Course  Exammation. 
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■  u   '  MODIFICATIONS 
"  •« 

^aP-^  3~   7  of  this  publication  has  (have)  been  deleted  in 

.ulnpiioR  this  material  for  inclusion  in 'the  "Trial  Implementatioa  of  a 
Model   SvsLcm  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
.iiKl  Tt  chn-ical  Kducation.'-'    Deleted  material -involves  extensive  use  of 
milii.iry  forms,  procedures,  systems,  etc.     and  was  not  considered  appropriate 
for  n^C'  In  Vocationnl  and  technical  education. 
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62«    (035)    Which  of  the  following  choices .states  an  incorrect *rule  for  proper 
equipment  care?  -  • 

♦ 

a.  Use  special' solveflts  .for  ail  eqxiipment  cleaning. 

b.  Never  use  any  instrument  for  any  purpose  other  than  that  for  which  it  was 
designed.  \ 

c.  Keep  all  instruments  used  to  dispense  ink  clean*. 

d.  Never  expose         pointed  equipment  to  the  possibility  of  point  damage. 

63.     (036)    Which  of  the  foLlcwing  are'neieded  in  the  work  area  of  a  graphic 
specialist? 

a.  Table,  low  stool,  and  tabouret. 

b.  riling  cabinet,  easel,  and  table. 

c.  Table,  chair,  and  tabouret. 

d.  Table,  lavatorjr,  and  tabouret. 

64*    ((036)    If  you  are  right-handed,  your  light  r.ource  should  come 


from  the  right  side — directly  above, 
over  your  left  shoulder  and  from  the  left-front, 
over  your  right  shoulder  and  from  .the  right-front, 
from  the  left  side— directly  above. 


^5..    (037)    Drawing  paper*should  have  all  of  .the  qualities  except 


a.  a  smooth  surface  after  erasures . 

b.  a  slick  surface.  ' 

c.  a  hard  si^rface.  ^ 

d.  grain. 


10. 
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66.  (038)  '  Which  , of  the  following  is  most  important  in  a  drawing  pencil? 

a.  Size  df  the  pencil.  .         c.    Condition  of  the  point. 

b.  Quality  of  the  pencil.  d.    Quality  of  the  lead. 

67.  (038)    Which  of  the  following  grades  of  pencil  is  most  suitable  for  tonal  > 
sketches? 

a,  UH.  c.  HB. 

b,  7B.  .d-  F, 

68.  (039)    Which  of  the  following  articles  is  especially  useful  for  removing 
graphite  dust  from  a  drawing? 

a.  Dusting  brush.  -          c.    Electric  eraser. 

b.  Art  gum  eraser.       ,     .  d.    Kneaded  eraseb, 

69.  (01+0)    What  ingredient  makes  drawing  ink  cohesive  and  waterproof? 

a.  Gum  a»abic.  .        c.    Fish  glue  mixture. 

b.  Finely  ground  carl)on.  d.    Mucilage.  , 

70.  (040)    Which  drawing  ink  will  not' reproduce  photographically? 

a.  Dark  blue  and  white,  c.    Light  blue  and  white. 

b.  Red  and  light  blue,  d.    Dark  blue  and  light  blue. 

71.  (0U2)    Which  of  the  following  basic  tools  can  be  used  to  draw  vertical  ^. 
V      parallel  lines?  . 

a.  T-square  and  scales.  c.    Irregular  curves  and  triangles. 

b.  T-square  and  triangles.  d\    Irregular  curves  and  scales. 

72.  (d42)    Using  two  30°-60°  triangles,  you  can  draw  all  of  the  following  angles 
except  one  of  '  ► 

a.     15°.  ,  '         -  c.    90°.  . 

•b*.     40°.        '  120°.     .  •  . 

73.  (043)    What  is  the  smallest  division  on  a  mechanical  engineer's  scale? 
a.    k  inch.  c.    \  inch. 


b.     -  inch,  d,    1  inch, 

4 

74,    (043)    Which  of  the  following  scales  is  divided  into  decimals? 


a.  Architect's  scale.  c.    Ruler.  ) 

b.  Mechanical  engineer's  scale.         d.    Civil  engineer's  scale. 

75.  f043)    Which  of  the  following  scales  is  divided  into  proportional  divisions 

replies enting  feet  and  indies? 

\ 

a.  Mechanical  engineer's  scale,         c.    Architect's  scale. 

b.  Civil  engineer's  scale,  d.    Ruler.  ^  - 

0 

76.  (044)    When  you  use  an  ii:regtilar  curve  to  draw  a  smooth  line  through 
predetermined  points,  the  curve  should  match  the  line  at  a  minimum  of  hpw 
many  consecutive  points? 

a,    3.  .  -         .    c  7. 

,      b.'  '5,  d.  9. 
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77.  (044)  Which  of  "the  following  can  be  used  tp  draM  curved  lines  which  ,are  not 
I        segments  of  circles?  ' 


a.  String. 

b.  Compass. 


c.  Dividers . 

d.  Irregular  curves. 


If 


78.     (045)    The  primary  purpose  of  a  ruling  pen  is  to'  make 


a.  straight  lines  of  uniform  thickness. 

b.  straight  lines  of  varying  thickness, 
c*  curved  lineg/of  varying  thickness, 
d.    curved  lin€s  of  uniform  thickness. 


79.     (045)    For  proper  ink  flow,  the  nibs  of  a  ruling  pen'should  be 


a.  equal  in  le^ngth  and  pointed. 

b.  unequal  in  length  and  flat. 


c.  equal  in  length  and^  rounded. 

d.  .unequal  in  length.  ^ 


80.  (047)    Which  of  the  following  illustrating  tools  can  be  replaced  by  the 
drafting  machine? 

•*  « 

a.  T-square,  compass,  triangle,  and  scale. 

b.  T-square,  triangle,  scale,  and  protractor, 
a.    Compass,  triangle,  scale,  and  protractor, 
d.    Triangle,  scale,  protractor,  and  compass. 

81.  (048)    The  alphabet  we  use  today  was  developed  from  hieroglyphics  into  a 
cursive  fonr  by  the 

a.  Egyptians..  ^  c.    Greeks.       *  ^ 

b.  Phoenicians.  d.  Romans. 

82.  (048)    Whicl)  of  the  fdllowi'ng  lettering  styles  is  used  for  most  books, 
magazines,  and  newspapers? 

a.  Italic.  c.  Text. 

b.  Gothic.  ,  d.  Roman. 

83.  (048)    How  many  styles  of  lettering  are  in  use  today?  ' 

a.  3^  '  '  c.  8. 

b.  5.  d.     9.  .  * 

84.  (049)    The  stem  of'a  lowercase  letter  that  extends  above  the  body  of  the  lett 
is  called  the 

*  ^  • 

a.  serif.  c. *  swell.  •  "        '  , 

b.  ascender.  d.  descender. 

85.  (049)    The  vertical  straight  line  that  is  used  as  the  basis  for  most  letters 
is  called  the  ^ 

« 

a.    stroke.  c.  descender. 


ascender. 


stem. 


86.     (049)    Serifs  are  characteristic  of  what  type  letter? 


'Gothic. 
Italic. 


c. 


Roman. 
Text. 


10 
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87.    (050)    What  are  the  six  basic  strokes  used  in  lettering? 

a.    Vertical,  horizontal,  slanted,  oval,  ctirve,  and  reverse  curve. 
'    b.    Vertical,  horizontal,  diagonal,  slanted Vxawc,  and  oval.^ 

c.  Vertical,  horizontal,  diagonal,  oval,  round,  and  straight. 

d.  Vertical,  horizontal,  diagonal  right,  diagonal  left,  clockwise  curve, 
and  counterclockwise  curve,  ^ 

(050)  |What  IS  the  standard  slope  of  inclined  letters? 

a.  67  1/2^.      '  c.     57  1/2°.     '  ^ 

b.  60°.  <i-  30°. 

(OSO)    A  rule  stating  that  downward  strokes  should  be  thick  and  that  hori- 
zontal strokes  should  be  thin  does  not  work  for  which  of  the  following  letters? 

a,  P.  /  ' 

b.  Q.  d.    U.  / 

90.  (051)    What  is  the  distinguishing  characteristic  of  Old  Roman  lettering  as 
compared  to  Modem  Roman ?| 

a.  Greater  contrast  between  thick  and  thin  lines. 

b.  Lighter  appearance. 

c.  Heavier  appearance. 

d.  *^sence  of  serifs. 

91.  (051)    Which  principle  of  good  lettering  is  considered  the  most  important? 

a.  Stability.  "        <=•  Proportion. 

b.  Uniformity.  d.  Height  and  inclination.  ^ 

^  ,  ^ 

92.  (052)    To  obtain  good  spacing,  you  might  have  to  alter  which  of  the  following 
combinations  of  letters? 

a.  Um'.  c.  la. 

b.  AY.  AU. 

93.  (052)    The  lettering  instrument  provides  spacing  that  is  what  fraction  of  the 
letter  height?  '  i 

a.  1/3.      ^r-  ^- 

b.  2/3.  '  '  3/^- 

94.  (  Q53)    When  you  are  lettering,  it  is  not_  necessary  that  the  penciling  be 

/ 

a.  shaded.  c.  firm. 

b.  •  clean.  opaque. 

95.  (054)    When  you  are  lettering  with  a  common  lettering  pen,  blotting  or 
bleeding  could  be  caused  by 

a.  an  oil  film  on  the  pen.  c.    using  a  quill  to  apply  the  ink.^ 

b.  applying  too  much  pressure.  d.    too  much  ink  on  or  in  the  pen. 

(054)    Which  type  of  speedball  pen  can  be  used  to  make  Roman  style  letters? 


96. 


a.  A.  <=• 

b.  B.         "  d.  D. 
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97.  (055)    The  tips  or  points  of  good  lettering  brushes  are' 

a.  never  cut  or  trimmed.  c.    always  shaped  by ^ hand. 

b.  always  cut  and* trimmed.  d.    sometimes  shaped  by  hand. 

98.  (055)    What  are  ti^  major  shapes  of  lettering  brushes? 

a.  Rounds,  squares,  aijd  flats.  c.    Rounds,  brights,  and  flats.* 

b.  '   Rounds,  squares,  and  ovals.  d.    Rounds,  flats,  and  ovals. 

99.  (^5U)    Text  writing  pens  are  similar  to  type-C  speedball  pens  in  that  both 

a.  have  slsmted  nibs.  c.    'have  cleaning  pins. 

b.  are  made  of  plastic.       ,  -  d*    are  equipped  with  inkwells. 

100.  (055)    The  best  lettering  brushes  are  made  of  hair  from  what  animal? 

a.  Pig.  c.  Squirrel. 

b.  y  Camel.  d.  Kolinsky. 

101.  (056)    A  stamdsurd  mechanical  lettering  set  consists  of 

a.  a  body,  an  adjusting  screw,  and  a  tail  pen. 

b.  templates,  a  scriber,  and  pens.  ^ 
«.    a  lockout,  a  s'ocket  screW>  and  a  scriber. 
d.    a  body,  pens,*  and  templates.  /  • 

li  *    '       '  • 

102.  (057)    If  a  strip  of  prepared  lettering  is  placed  on  a  curved  J-ine,  you/should 
cut  * 

a.  each  letter  and  place  it  individually  along  the  curv^e. 

b.  between  the  letters  except\in  the  center  of  the  strip. 

c.  notches  along  the  top  and  bottom  of  the  strip. 

d.  between  the  letters  leaving  the  bottom  of  the  strip  uncut. 

103.  (057)    An  advantage  of  using  printed  prepared  lettering  is  that  it  can  be 

a.  machine  set. 

b.  applied  directly  to  the  finished  artwork. 

c.  obtained  easily. 

d.  easily  transferred  to  any  rough  surface. 

101*.    (058)    In  the  pen-and-ink  technique  of  line  drawing,  India  ink  is  most  commonly 
used  because  it 

^  a.    is  permanent.  c.    is  waterproof. 

b.    is  opaque.  d.    has  all  of  the  above  characteristics. 

105.  (059)    In  a  line  media  illustration  produced  with  pencil  or  crayon,  the  drawipg 
is  usually  applied  to  what  type  of  surface? 

a.  Smooth.  c.  Textured. 

b .  Lined.  .  d .    Colored . 

106.  (060)    What  are  the  two  types  of  prepared  shading  media? 

a*    Transparent  film  and  chemical.      c.    Chemical  and  paper, 
b.    Transparent  film  and  paper.  d.    Chemical  and  opaque. 
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107.  (061)    One  of  the  disadvantages  of  using  scratchboard  is  that     '  ^ 

'  ^    /^^  Xhe  board  is  extremely  absorbent. 

b.  illustrations  cannot  be  drawn  with'a  pen. 

c.  illustrations  are  adversely  affected  by  changes  in  temperature  and  humidity. 

d.  cost  is  prohibitive. 

108.  ^    (061)  >  Which  technique  is  best  suited  for  rendering  a  predominantly  dark  object 
^      that  has  much  detail  and  sharp,  white  highlights?. 

a.  Crayon.  c.  Pencil. 

b.  Pen  and  ink.  *       d.  ^Scratchboard. 

109.  (C\62)    Which  of  the  following  gives  a  mat  finish  and  a  rich  dark  black? 

a.  Crayon.  c.    Lead  pencil.  * 

b.  Carbon  pencil.  '  <d.   .Graphite  peYicil. 

110.  (063)    When  you  apt)ly  a  wash,  it  should  be 

a.  painted  on.  c.    floated  on.* 

b.  rubbed  on.  *  d.    rubbed  in. 

111.  ^063)    What  advantag-e  does  India^ink  have  over  lampblack^  or  Chinese  stick  ink 
when  you  are  preparing  and  laying  e  wash? 

^    a.    It  is  easier  to  use. 

b.  Lampblack  and  ftick  ink  must  be  strained.  ^ 

c.  Chinese. stick  ink  and  lampblack  are  messy. 

d.  One  wash  can  be  laid  over  another  without  picking  up  the  one  underneath. 

112.  (064)    The  most  difficult  medium  to  blend  is 

a.  opae^ue  watercolor.  c.    transparent  watercolor. 

b.  acrylics'."  d.     oil  paint. 

113.  (065)    When  working  in  transparent  wash  Ho  render  an  are^  with  strong 
highlights  and  shadows ,  you  should 

a.  ""cover  the  highlights 'with  vhite  paint  after  painting  all  the  dark  tones. 

b.  cover  the  area  with  a  frisket  so  that  the  area  will  not  be  painted. 

c.  airbrush  the  dark  tOQes  only,  leaving  the  highlights. 

d.  cover  the'  highlights  with  white  paint  before  painting  the  dark  tones. 

114..     (  065)    On  i  double-action  airbrush,  the  largest  amount  of  paint  will  be 
sprayed  when  the  lever  is 

a.  all  the  way  down  and  all  the  way  to  the  rear, 
b'.    all  the  way  down  and  slightly  to  the  rear. 

c.  all  the  way  up  and  all  the  way  to  the  rear. 

d.  slightly  down  and  slightly  to  the  rear. 

115.    (065)    Fairly  large  specks  of  color  at  the  beginning  of  an  airbrush  stroke 
are  generally  caused  by  your 

•  a.  pulling  back  too  slowly  on  the  control  lever. 

b.  releasing  the  control  lever  too  quickly  on  the  previous  stroke.^ 

c.  pulling  back  too  quickly  on  the  control  lever. 

d.  releasing  the  control  lever  too  slowly  m  the  previous  strbke.  ^ 
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116 •    (066)    The  separation  of  light  into  colors  is  called  s 

a«    value I  *       *      c«  dispersion* 

b.    density.  *  d,    light  separation. 

117.     (066)    A  black  object  is  one  that* 

a.  absozi>s  nearly  all  light  rays.      c.    reflects  ail  colors  except  black < 

b.  reflects ^nearly 4 ail  light  rays.    d.    absorbs  all  colors  except  black. 

118>s  (066)  'The  colors  of  the -spectrum  arrange  themselves  in  order  of 

a.  tH'eir  density.  c.    the  color  wheel. 

b.  dispersJLon.  d.    their  wavelengths. 


119.  (067)    The  quality  by  which  we  recognize  one- color  from  another  is  called 

,       a.    intensity.        \  _    c.    hue.  ^ 

b.    value.  d,  density. 

120.  (068)    Which  of  the  following  colors  is  considered  cool? 

a.  Red.  c.    Yellow.  • 

b.  Blue.    .  d.  Orcinge. 

121.  (067)    When  a  smail^amount  of  red  is  added  to  green,  what  quality  of  color  is 
changed  the  most? 

a.  Intensity.  c.  Hue. 

b.  Value.  d.  Tone. 

122.  (068)    When  a  single  color  value  varies  from  a  light  tint  to  a  dark  shade, 
the  color  is  said  to  be  ^ 

a.  analogous.     ^  c,  complementary. 

b .  monochromatic .  d.    triad . 

123.  (068)    An  analo^us  color  scheme  is  sometimes  called  a 

a.  triad  color, scheme.  c.    related  color  scheme. 

b.  complementary  color  scheme.  d,    monochromatic  color  scheme. 

124.  (068)    You  can  prevent  an  analogous  scheme  from  becoming  monotonous  by 

a.  taking  in  more  of  the  color  wheel. 

b.  introducing  white  as  an  accent. 

c.  placing  emphasis  on  a  hue  that  is  not  dominant.  .  ^ 

d.  introducing  complementary  accents. 
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Preface 

IN  \  C)l.rMK  1,  you  studied  the  fundamentals  of  illustrating.  Now  with  this 
hat  kpround  vou  are  ready  to  learn  about  specific  areas.  Sortie  of  these  areas 
aro  proji-clions.  dimensioning,  graphic  construction,  and  sectional  views.  It  is 
important  that  these  areas  be  thoroughly  covered,  because  they  are  basic  to 

all  dra\%mgs.     '  ,        .      r  u- 

Chapter  1  of^  this  volume  explains  the  basic  elements  of  graphic 
construction.  It  prepares  you  for  further  study  into  forms  of  geometrid 
figure  5. 

Chapter  2,  on  projections,  prepares  you  for  drawings  as  they  relate  to 
multiview,  isometric,  oblique";  and  auxiliary  views.  Perspective  is  also  a 
projection,  but  will  be  dealt  with  as  a  separate  chapter.  ^  ^ 

Chapters  3  and  4  on  §ectional  views  and  dimensioning  are  in  the  same 
category  as  Chapters  1  and  2,  If  you  are  training  toward  your  5-level  AFSC, 
this  will  prepare  you  for  the  end-of-volu;Rne  review  exercises.  Satisfactorily, 
completing  these  exercises  and  those  of  the  rest  of  the  volume  will  prepare 
you  for  the  end-of-course  examination  and  your  SKT. 

Foldouts  1  and  2  are  printed  and  bound  in  the  back  of  the  volume. 

Code  numbers,  such  as  231-1,  appearing  on  figures  are  for  preparing 
agency  identification  only. 

if  you  have  questions  on  the  accuracV  or  currency  of  the  subject  matter  of 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng 
Qen/TTOC,  Lowry  AFB  CO  80230. 

If  you  have  questions  on  enrollment  or  administration  or  o|mny  of  ECI  s 
mstructional  aids  (Your  Key  to  Career  Development,  Behavioral  Objective 
Exercises,  Volume  Review  Exercise,  and  Course  Examination),  consult  your 
'education  officer,  training  officer,  or  NCO,  as  appropriate.  If  he  cannot 
answenyour  questions,  send  them  to  ECI,  Gunter  AFS  AL  36118,  preferably 
on  ECI  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  18  hours  (6  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
May  1974. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives.^ 
Each  of  these  carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for* 
you.  The  text  that  .follows  the  objectives  gives  you  the  information  you  need  to  reach  that 
goal.  Pie  exercises  following  the  information  give  you  a  check  on  your  achievement.  When 
you  complete  them,  see  if  your  answers  match  those  in  the  back  of  this  volume.  If  your 
response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 
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DRAWING  PROBLEMS  encountered  by  the 
graphics  specialist  can  usually  be  solved  in 
several  different  ways.  For  instance,  ^  in 
ordinary  drawing  practice  the  graphics 
specialist  would  Use  a  T-square  and  a  triangle 
to  draw  a  line  perpendicular  to  a  given  line,^ 
arc,  or  what  have  you,  or  he  may  locate  a 
point  of  tangency  on  a  circle  by  estimating  its 
position.  When  extreme  accuracy  is  of  first 
import&nce,  the  task  should  be  accomplished 
by  geometric  construction.  Also,  when 
jmaking  a  drawing  of  an  "unusually  large 
size— such  as  full-size  sheet-metal 
patterns— the  geometric  principles  should  be 
used. 

Actually,  you  apply  the  principles  of 
^geometry  whenever  you  use  your  drawing 
tools.  Therefore,  increased  knowledge  of 
these  principles,  coupled  with  skills  acquired 
m  using  your  drawing  instruments,  prepares 
you  to  do  more  difficult  jobs  in  the  future. 
For  now,  let's  concern  ourselves  with 
procedures,  and  not  with  mathematical  proof 
of  geometric  construction. 


1-1.  Terms  and  Principles 

Perhaps  the  piaterial  in  this  section  may  be 
a  review  for  you,  perhaps  not.  In  any  case,  the 
more  common  definitions  of  terms  and 
principles  must  be  known  by  you  as  they  are 
important  in  technical  drawing.  Let's  begin 
with  lists  of  definitions  of  terms  and  basic 
principles,  and"  then  follow  with  a  discussion 
of 'important  facts  which,  in  many  cases,  is  a 
combination  of  the  two.^  The  lists  which 
follow  will  serve  as  a  quick  reference  during 
your  studies. 
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200.  Define  the  terms  and  basic  principles  of 
geometric  construction. 

Definitions  of  Terms'.  As  yoii  study  these 
definitions,  refer  to  figure  J-1. 

Art^/e— The  figure  formed  by  the  coming 
.  ,    together  of  two  lines  at  a  point. 
Arc— A  curve  which  is  not  closed. 
Asymptot^^A   line  that  is  the  limiting 
'  position  which  the  tangent  to  a  curve 
approaches,   as   the  point  of  contact 
recedes    indefitely    along   an  infinite 
branch  of  a  curve. 
Chord—A  straight  line  intersecting  a  curve 
Circle—A  closed  curve  all  points  of  which 
are  equidistant  from  a  point  ^called  the 
center. 

Concentric  circ/es— Circles  having  the  same 
center.  ^ 

Cycloid—A  curve  traced  by  a  point  on  a 
circle  rolling  in  a  plane  along  a  line  in  the* 
plane.  • 

Diameter-^he  length  of  a  straight  line 

'     through  the  center  of  an  object* 

Eccentric  circ/es— Circles  not  having  the 
same  center  point. 

Ellipse—A  plane  curve,  the  path  of  a  point 
the  sum  of  whose  distances  from  the  foci 
(two  fixed  points)  is  constant;  a  conic 
section,  the  closed  intersection  of  a 
plane  with  a  right  circular  cone. 

Helix—The  curve  formed  on  any  cylinder 
by  a  straight  line  in  a  plane  that  is 
wrapped  around  the  cylinder,  such  as  an 
ordinary  screw  thread. 

Heptagon—A  polygon  of  seven  angles  and. 
seven  sides. 

Hexagon— A  polygon  of  six  angles  and  six 
sides. 
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CIRCLES   AND  ARCS 


.ARC 


CIRCLE 

'CIRCUMFERENCE:  3.1416  X  OU. 


ARC 

CIRCLE 


CONCENTRIC 
CIRCLES 


•ECCENTRIC 
CIRCLES 


TRIANGLES 


VERTEX 


(AB)*«(AC)'*(CB)* 


BASE 

EQUILATERAL 

ALL  SIDES  EQUAL 


BASE 

ISOSCELES 

TWO  SIDES  EQUAL 
TWO  ANGLES 
EQUAL 


ACUTE  SCALENE 

NO  StOES  EQUAL 
EACH  ANGLE  LESS 
THAN  90O 


QUADRILATERALS 


LONG  SIDE 
RIGHT 


SQUARE 


RECTANGLE         RHOMBUS  RHOMBOID 

ALL  SK)ES 
EQUAL 


'.MORE 
THAN 


OBTUSE 
SCALENE 


TRAPEZOID  TRAPEZIUM 


g         REGULAR  POLYGONS 


PENTAGON 


HEXAGON  HEPTAGON  OCTAGONt  - 

IRREGULAR  POLYGONS 


NONAGON 


231-1 


Figure  M.  Geometric  figures. 
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Hyperbola-'A  curve  formed  by  section  of 
a  right  circular  cone  when  the  cutting 
plane  makes  a  greater  angle  with  the  base 
than  the  aide  of  the  cone  makes.  Also,  a 
hyperbola  may  be  produced  by  a  point 
moving  so  that  the  difference  of  its 
distances  from  the  foci  (two  fixed 
points)  is  constant  and  equjd  to  the 
transverse  axis  of  the  hyperbola?  \  \« 

Involute— A  curve  traced  by  any  point  of  a^\] 

.  perfectly  flexible,  inextendible  thread 
'/  kept  taut  as  it  is  wound  or  unwound 
/  from  another  curve  or  object. 
/  Nomgon-rA  polygon  having  nine  ^gles 
and  nine  sides.  / 
Octagori'-A  polygon  having  eigh/  angles 

and  eight,  sides.  / ' 

Parabola-^A  conic  section  formed  by  the 
intersection  of  a  cone  with  a  plane 
parallel  to  its  side. 
Parallelogram-' A     quadrilateral  whose 

opposite  sides  are  parallel. 
Pentagon- A  polygon  having  five  angles  and 

five^sides.  ' 
Plane-'A  two-dimensional  ilat  surface. 
Plane  figure-'A  surface  or  space  completely 

inclosed  by  lines. 
Polygon— Axiy    plane    figure  completely 
mclosed   by   straight  ^  lines.  When  ^a 
polygon  has  equal  sides  and  equal  angles, 
it     can     be     inscribed     within  or 
circumscribed  around  a  circle.  In  this 
case,  it  is  known  as  a  regular  polygon. 
(In    common    practice,     the  term 
"polygon"  usually  implies  that  a  figure 
has  five  or  more  sides.)*    *  ^ 
Quadrilateral— A  plane  figure  bounded  by 
^  four  stistlfeht  sides.' 
itadiu$—A  straight  line^  extending  from  the 
center  of  a  circle  or  Sphere  to  the  curve 
or  surface. 

Sector  of  a  cfrc/e— The  figure  bounded  by 
two  mdii  (an  angle)  and  the  included  arc 

,    of  ?t  circle,  ellipse,  or  other  central  curve. 

Segment  of  a  circular  area-That  part  which 

-  is  bounded  by  a  chord  and  an  arc. 

Trapezoid— A  quadrilateral  with  two  sides 
parallel. 

Trapezium— A  quadrilateral  with  no  aides 
^paralleL 

Triangle— A  plane  figure  bounded  by  three 
straight  sides,  and  the  sum  of  the  interior 
angles  is  always  180° . 

Some  Principles  of  Plane  Geometry,  Any 
one  or^all  of  these  principles  may  apply  to  a 
particular  drawing. 

•  A  straight  line  is  the  shortest  distance 
between  two  points. 


•  A  point  represents  a  specific  location;  it 
has  no  dimensions. 

•  Two  lines  are  perpendicular  when  the 
angle  formed  at  their  intersection  is  90° .     '  0 

•  When  measuring  the  distance  between  a 
point  and  a  line,  measure  along  a 
perpendicular  from  the  point  to  the  line. 

•  Parallel  lines  are  equidistant  from  each  ^ 
other  at  all  points. 

•  Curves  are  tangent  to  straight  lines  or  to 
other  curves  at  only  one  point.  ^ 

•  Regular  polygons  have  all  sides  and 
angles  equal. 

•  A  line  intersected  by  equally  spaced 
parallel  lines  is  cut  into  equal  segments. 

•  Any  figure  may  be  moved  from  one 
place  to  another  without  altering  its  size  or 
shape. 

•  From  a  given  point  on  a  given  line,  only 
one  perpendicular  can  be  drawn. 

•  The  diagonals  of  a  parallelogram  bisect 
each  other. 

Through  three  points  not  in  a  straight 
line,  only  one  circle  can  be  drawn.  , 

•  When  twa  circles  are  tangent  to  eaoi 
other,  the  straight  hne  joining  their  centers 
passes  through  the  point  of  tangency. 

•  The  m^or  and  minor  axes  of  an  ellipse 
divide  the  figure  into  four  equal  parts. 

Exercises  (200): 

1.  A  straight  line  intersecting  a  curve  is  called 
a_-  . 

2.  What  represents  a  specific  location,  but  has 
no  dimensions?  » 


3.  Is  question  2  a  definition  of  a  term  or  a 
principle  of  plane  geomejbry? 


201.  Identify  the  geometric  figure  or  figures 
on  a  flat  surface  that  are  generated  by 
movement. 

Points,  Lines,  and  Planes.  The  branch  of 
geometry  that  we  are  concerned  with  is  called 
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Figure  1-2.  Points. 
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Figure-1-3.  Linet. 


plane  geometry.  It  derives  its  name  from  the 
fact  that  it  deals  with  the  position  of  points 
and  lines  on  flat  surfaces,  which  are  called 
planes. 

A  point  A  point  is  a  position  representing 
a  location  m  space  or  a  flat  surface;  it  has  no 
height,  width,  or  depth.  Figure  1-2  shows 
three  wdys  to  represent  a  point.  Notice,  as 
illustrated,  that  a  point  may  be  represented 
by  the  intersection  of  two  lines,  by  a  small 
crossbar  on  t!he  line,  or  by  a  small  cross.  A 
point  is  never  represented  by  a  simple  dot  on 
the  paper. 

Line.  A  line  is  an  imaginery  geometric 
figure.  A  line  does  not  exist  in  nature;  it  is 
generated  by  a  point  in  motion.  It  has  length 
but  not  thickness.  (Dots,  lines,  and  points  in 
drawings  have  thickness  merely  as  a 
convenient  way  to  represent  small  areas  or 
planes.)  (See  fig.  1-3.^ 

•  A  line  that  has  the  same  direction  for  its 
entitle  length  is  a  straight  line. 

•  A  line  that  changes  in  direction  along  its 
length  is  a  curved  line.  • 

Plane.  A  plane  or  flat  surface  is  generated 
by  a  straight  line  moving  in  a  direction  other 
than  that  of  its  length,  creating  an  area  or 
surface  with  length  and  -breadth,-  but  no 
thickness. 


Exercises  (201):  \^ 

1.  Under  the  concepts  of  geometry,  how  is 
straight  line  produced? 


2.  How  is  a  curved  line  produced? 


3.  What  is  a  plane? 


202.  Given  definitions  of  types  of  angles, 
match,  each  with  a  class  or  group  and 
illustrate. 

Angles.  An  angle  is  formed  by  two  lines 
meeting  at  a  point.  The  lines  are  the  sides  of 
the  angle,  and  the  poirtf  at  which  they  meet  is 
the  vertex.  Angles  s/e  divided  into  five  general 
classes  and  two  general  groups.  The  classes 
are; 

•  An  angle  formed^  perpendicular  lines 
with  one  angle  at  90°  is  a  right  angle. 

•  An  angle  that  is  less  than  a  right  angle,  or 
90**,  is  an  acute  angle. 
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Figure  1-4.  Angle*. 


116 


•  An  angle  that  is  greater  than  a  right  angle 
but  less  than  a  straight  angle  is  an  obtuse 
angle. 

•  An  angle  whose  sides  extend  in  opposite 
directions  from  the  vertex,  or  180  ,  is  a 
straight  angle. 

•  An  angle  that  is  greater  than  a  straight 
angle  but  less  than  360''  is  a  reflex  angle. 

The  two  general  groups  are:  (1)  right  and 
straight  angles  and  (2)  oblique  angles.  Since 
tl^re  are  only  two  groups,  you  can  define  one 
in\elation  to  the  other— oblique  angles  are  all 
$tngles  other  than  straight  or  right  angles. 

Adjacent  Angles.  Angles  which  have  a 
common  vertex  and  side  are  adjacent  angles. 
They  can  be  supplementary  or 
complementary  angles,  as  shown  in  figure  1-4. 

Triangles.  A  triangle  is  a  plane  figure  bound 
by  three  straight  sides  and  the  sjam  of  the 
interior  angles  always  totals  ISO"" . 

Exercises  (202); 

1,  Two  angles  with  a  common  side  and  vertex 
are  called  • 

2.  Match  the  terms  in  column  A  with  *the 
.definition  in  column  B  by  writing  the 
correct  letter  in  the  blank  provided. 


Column  A 

(1)  Obtuse  

(2)  Right  

(3)  Reflex  

(4)  Oblique  

(5)  Stwght  

(6)  Acute  L_ 


Column  B 

a.  Ang^s  other  than 
straight  and  right  angles 

b.  An  angle  that  is  less 
than  a  right  angle 

c.  An  angle  that  is  greater 
than  a  right  angle  but 
less  than  a  straight  angle 

d.  An  angle  formed  by  per- 
pendicular lines 

e.  Angles  with  a  common 
vertex 

^.^An  angle  that  is  greater 
than  a  straight  angle  but 
less  than  two  straight 
angles 

g.  An  angle  whose  sides 
extend  in  the  opposite 
direction  froi^  the 
vertex 


3.  Draw  and  identify  each  of  the  following 
angles. 

a.  Acute  and  oblique.  ^ 


6.  Right. 


c.  Obtuse  and  oblique. 


d.  Straight. 


e.  Reflex  and  oblique. 


1-2.  Bisectir^  Figure^  and  Constructing 
Perp6ndicutoH!!rine^      /  ^ 

Bisecting  figures  and  constructing 
perpendicular  lines  are  just  as  basic  to  drafting 
as  addition  is  to  jpithmetic.  These  are  simple 
and  rnay  *be  drawn  by  several*  methods. 
Whatever  method  is  used,  ^  the  accuracy 
depends  oh  you.  Now  is  the  time  to  start 
practicing  accurate  drawing  as  you  study  the , 
following  procedures. 

203.  Given  a  line  or  an  arc,  bisect  and 
construct '  lines  perpendicular  to  each  and 
identify  the  method  used. 

Bisecting  an  Arc  or  a  Line.  An  arc  or  a  line 
may  be  bisected  by  use  of  either  a  compass  or 
triangles.  The  geometric  (compass)  method  is 
by  far  the  more  accurate.  Given  hne  or  arc 
AB,  as  showti  in  figure  1-5,  use  the  following 
procedures: 


r 


0.  c 


D  C 


A 

X 

Figure  LB.  Bisecting  «  line  with  T-.quare  »nd  triangle. 
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•  .Set  tHe  eompass  .for  any  radius  greater 
than  one-half  of  AB. 

•  Using  A  and  B  as  centers,  draw  two  arcs 
figure  IS*^'  a'  points  C  and  D,  as  shown  in 

•  The  point  at  which  line  CD  crosses  AB  is 
the  center,  and  also  line  CD  is  perpendicular 
to  hne  and  arc  AB. 

Bisecting  a  line  or  an  afc  with  a  T-square 
and  45  triangle  is  not  the  most  accurate 
method,  but  it  is  the  fastest.  If  the  given  line 
or.  arc  IS  a  long  line  or  large  arc,  this  method  is 
unusable.  Here  is  the  procedure  for  bisecting  a 
line  or  an  arc,'  ks  shown  in  figure  1-6 
*u  t  ^}^^\^^^  '^S"  triangle  on  the  T-square  so 
that  the  hypotenuse  of  the  triangle  passes 
through  point  A;  draw  line  AC. 

•  Turn  the  triangle  over  and"  repeat  the 
operation,  using  point  B,  Draw  line  BD. 


•  Place  the  vertical  edge  of  t]ie  triangle  at 
the  intersection  of  AC  and  BD,  and  draw  the 
vertical  line  which  bisects  line  AB  at  point  X 

Bisecting  an  Angle.  Given  angle^BAC,  use 
the  following  procedures: 

•  With  A  as  the  vertex  or  center,'  set  the 
compass  at  any  radius,  and  draw  an  arc 
cutting  lines  AB  and  AC  at  points  1  and  2 

•  Set  the  compass  at  a  radius  greater  than 
one-half  of  points  1  and  2. 

•  With  1  and  2  as  centers,  draw  two  arcs  to 
intersect  at  0. 

*  fig*l-?r  ''"^      *°  ^^^^ 

Construction  of  Perpendiculars. 
Constructing-  perpendicular  lines  foUows  the 
samti  procedure  as  bisecting  a  line,  arc  or 
angle,  except  that  a  perpendicular  may  be 
constructed  to  a  point,  or  from  a  point  When 


F 
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D  P 
Figure  1-8.  Constructing  perpendiculars. 


constructing  a  perpendiculeir  to  a  given  point 
on  a  line,  using  P  as  the  point  on  line  AB,  as 
shown  in  figure  1-8,  use  any  practical  radius 
and  strike  an  axe  that  intersects  line  AB  at 
ppints  D  and  £.  Using  points  D  and  E  as 
centers,  strike  the  arc  to  intersect  at  some 
point  F.  Draw  a  straight  line  through  points  F 
ahd  P.  This  line  is  perpendicular  to  lin§  AB. 


Exen;ises(203): 

1.  Bisect  a  line  2732 ' 
angle  of  SS*". 


long  drawn  at  an 


Draw  a  line  perpendicular  to  a  given  arc  at 
241''  with  a  radius  of  2". 


1-3.  Construction  of  Linear  Figures 
and  Diidsion  of  Figures  into 
Equal  F| 


This  segme 
of  drawing 
procedures  to 
number  of  equ 
procedures  that 


t  first  presents, several  methods 
>arallel   lines   and   then  the 
[vide  lines  and  spaces  into  any 
\  parts.  This  is  one  of  the 
ill  be  used  throughout  your 


drawn  parallel  ^^ing  a  T-square  and 
triangle.  However,  when  the  demand  is  for 
accuracy  or  the  drawing  is  very  large,  such  as 
banners,  large  posters,  etc,  the  T-square  and 
triangle  should  not  be  used  for  drawmg 
parallel  lines, 

204.  Given  a  line  through  a  point,  draw 
another  line  paraUel. 

< 

GWven  a  Line.  Given  line  AB  and  the  - 
required  point  Gas  shown  in  figure  1-9: 

•  With  C  a^rth^  ^nter  and  any  corrvenient 
radius,  strike  aivarc  DE  to  intersect  line  AB  at 
point  F.  * 

•  With  F  as  the  center  using  the  same 
radius,  draw  an  arc  GH  to  intersect  line  AB  at 
K. 

•  *With  CK  as  a  radius  and  F  as  the  center, 
strike  an  arc  intersecting  arc  DE  at  L. 

•  Through  'points  L  and  .  C  draw  the 
required  parallel  line. 

This  problem  can  also  be  drawn  by  the 
triangle  method  using  the  following  procedure 
(See  fig.  MO.)  - 

Place  the  hypotenuse  of  a  triangle  on  the 
given  hnp  AB  with  the  base  on  the  triangle 
resting  against  the  T-square/ 

Hold  the  T-square  in  position  and  slide  the 
triangle  to  point  C  and  draw  line  CD. 

To  draw  a  line  parallel  to  another  line  at  a 
given.,distance  is  like  drawing  perpendiculars 
to  a  point  on  a  line.  You  can  do  most  of  the 
straight  line  by  either  geometric  construction 
or  the  triangle  method  (see  fig.  1-11),  but  the 
curved  lines  can  be  done  only  by  geometric 
construction,  as  shown  in  figure  1-12.* 

Exercises  (204): 

1.  Given  a  line  2^/2  inches  long,  draw  another 


line  parallel  V4  of  an  inch  away. 


illustrating  career.  Of  course,  line^  can  be 
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Figure  MO.  Drawing  lines  parallel  using  T-«quare  and  triangle 


lit. 


2.  Given  a  curved  line  2'/i  inches  long,  draw  a 
parallel  line  %  of  an  inch  away. 


205.  Given  a  line  or  space,  explain  how  each 
IS  divide^  into  equal  parts. 

Given  a  Line  or  Space.  Assume  that  a  given 
line  IS  to  be  divided  into  equal  parts. 

•  Draw  line  AB  which  is  to  be  divided. 

•  From  point  A  draw  a  line  aoy  length  at 
any  convenient  angle. 

•  From  point  A  lay  off  the  number  of 
equal  parts  with  either  a  scale  or  a  pair  of 
dividers  on  line  AC. 

•  From  the  iermination  point  of  the  last 
space  on  line  AC,  draw  a  line  connecting  the 
last  point  with  point  B. 

•  With  the  edge  of  the  triangle  set  parallel 
with  the  last  point  on  ]ine  AC  and  point  B 
dra\Y  ^^es  from  the  points  on  line  AC  to  line 
AB.  (See  fig.  1.13.) 

Dividing  spaces  into  equal  parts  employs 
the  same  method  as  the  draftsman's  method 
for  dividing  a  line  with  a  scale.  The  one 


difference  is  as  shovm  in  figure  M4.  To  divide 
spaces,  the  scale  is  placed  at  a  convenient 
angle  covenng  the  number  of  equal  spaces 
.  needed,  whereas  in  the  division  of  aline  with 
a  scale,  the  scale  is  placed  so  that  zerq 
coincides  with  the  end  of  the  line  A  and  the 
last  point  on  line  AC  falls  on  the  line  BC,  and 
line  BC  can  be  any  length. 

Exercises  (205): 

1.  Given  a  line  3%  inches  long,  divide  it  into 
SIX  equal  parts,  using  the  geometric 
constructioa  method. 


2.  Repeat  exercise  1,  using  the  sdale  method. 


1-4.  Construction  of  Lines  tangent 
to  Circles  and  Arcs,  and 
Rectifying  Arcs 

Often,  as  a  graphics  specialist,  you  will  be 
required  to  construct  lines  tangent  to  circular 


Figi^  142.  Drawing  curved  linet  parallel  at  a  given  distance.  . 


arcs.  A  circular  arc  is  a  portion  of  th^ 
circumference  of  a  circle.  Accurately  drawing 
straightline  tangents  to  circles  or  arcs  is 
difficult,  because  there  are  elements  of  oj)tical 
illusion  involved.  Therefore,  you  must  know 
how  to  construct  *  tangents  by  several 
methods. 

A  tangerit  to  a  circle  may  be  drawn  either 
to  a  point^on  the  circle 'or  to  a  point  not  on 
the  circle.  You  will  also  be  required  to  draw  a 
straight  line  which  is  approximately  equal  in 
length  io  the  length  of  an  arc.  This  is  known 
as  rectifying  an  arc.  But  first  we  shall  coyer 
lines  of  tangency,  then  methods  of  rectifying 
an  arc. 

Construction -of -lines  tangent  to  ^  point  on 
a  circle,  circular  arc,  or  curves  will  be  the 
principle  drawing  ^xercises  of  this  section. 
Study  each  figb^^  .-are fully;'  then  practice 
making  the  constcucuon. 

206.  Given  a  point  on  a  circle,  construct  a 
line  tangent  to  that  point. 

Constructing  a  Line  Tangent  to  a  Point. 
Figure  1-15  illustrates  the  procedure  to 
construct  a  line  tangent  to  a  circle  at  point  S. 

•  Given  point  S  on  the  circle  with  0  as  the 
center,  set  the.  compass  to  a  radius  equal  to 
SO;  with  S  as  the  center,  strike  arc  OD  to  cut 
the  circle  at  O  and  E. 

•  With  E  as  a  center,  using  the  same  radius, 
draw  an  arc  to  cut  OD  at  X. 

•  With  X  and  E  as  centers  and  any 
convenient  radius  greater  than  SO,  strike  an 
arc.  From  this  point  draw  a  line  tangent  to 
the  circle-at  point  S. ' 


Figure  1-16  demonstrates  the  same 
procedure  for  constructing  a  tangent  to  a 
point  on  a  circle  by  means  of  a  perpendicular. 
Often,  depending  upon  the  type.,Qfjir2f^ing, 
this  method  is  the  most  practical.  Kemember 
that  a  tangent  to  a  circle  is  perpendicular  to  a 
radius  at  the  point  of  tangency. 

•  With  P  as  the  point  on  the  circle,  draw  a 
line  through  P  and  extend  it  to  some 
convenient  point  X. 

•  Using  P  as  the  center,  construct  line  AB 
perpendicular  to  line  OX  appoint  P. 

•  Line  AB-is  tangent  to  the  circle  at  point 

P. 


Exercises  (206): 

1.  Using  the  geometric  construction  method, 
construct  a  line  tangent  to  a  circle. 


2.  Using  the  perpendicular  method,  construct 
a  line  tangent  to  a  circle. 


207.  Give^n  a  point  outside  a  circle,  construct 
a  line  tangent  to  the  circle. 

Constructing  a  Tangent  to  a  Circle.^  The 
procedure  for  conducting  a  tangent  to  a 
circle  from  an  outside  point  is  just  as  easy  to 
do  as  the  previous  construction.  (See  fig. 
M7.) 


Figure  1*1 3.  Dividing  a  line  into  equal  parts. 
9 
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Figure  VI 4.  Dividing  a  space  into  equal  parts. 
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•  Using  P  afi  the  point,  draw  a  line  from  0, 
the  center  of  the  circle,  to  the  point  P. 

•  Bisect  the  line  OP;  at  the  point  of  the 
bisector,  point  A,  strike  an  arc  with  AO  as  the 
radius. 

•  Where  the  arc  strikes  the  circle  forming 
point  T,  draw  the  tangent  PT. 


Exercises  (2Q7): 

1.  Construct  a  tang^t  to  a  3-inch-diameter 
circle  from  a  point  2  inches  from  the' center 
of  the  circle  at  an  angle  of  269'' . 


208.  Given  a  line,  a  circle,  or  an  arc,  and 
another  radius,  draw  an  arc  tangent  to  the 
circle  or  arc  and  the  straight  line.  (See  figure 
M8,) 

Given  a  Line,  Circle,  or  Arc. 

•  Take  the  given  radii  Rl  and  R2;  strike  an 
arc  with  0  as  the  center. 

•  Draw  a  line  CD  parallel  to  the  given  line 
AB  at  a  distance  of  R2. 

•  'Where  the  arc  R1+R2  crosses  line  CD, 
strike  an  arc  that  is  tangent  to  line  AB  ana  the 
circle. 

Drawing  Tangent  Arcs.  In  this  type  of 
construction,  two  conditions  may  exist.  In 
one  case,  the  centers  of  the  given  arc  are 
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Figuris  1'15.  Constructing  a  line  tangent  to  a  point  on  a  circle. 
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Figure  1-16.  Constructing  a  line  Ungent  by  mcaiuof 
a  perpendicular. 


outside  the  required  arc;  in  the  other,  the 
Jcenters  are  included  inside  the  required  arc. 

•  Given  Rl,  R2,  and  R3,  with  0  as  the 
center,  strike  an  arc  with  R1+R2. 

•  With  0'  as  the  center  of  the  second  arc  or 
circle,  strike  an  arg  R2+R3  that  intersects  the 
first  arc  at  point  P. 

•  Using  P  as  the  center  and  radius  R2, 
strike  the  required  arc. 

The  center  of  the  circle  is  included  inside 
the  required  arc.  Use  figure  149  as  you 
practice  this  procedure,  given  the  radii  Rl, 
R2,  and  R3. 

•  Using  0  and  0'  as  centers,  take  R1-R3 
and  strike  the  first  arc. 

•  Take  R2-R3  and  strike  the  second  arc, 
forming  point  P. 

•  At  point  P,  using  R3,  you  can  strike  an 
arc  that^is  tangent  to  both  circles  0  and  0' . 

Exercises  (209): 

1.  Draw  an  arc  tangent  to  a  given  line  and 
circle.  * 


2.  Draw  an  arc  tangent  to  two  circles. 


1-5.  Construction  of  a  Plane 
Geometric  Figure 
Remember     that     a     plane     is  a 
two-dimensional  surface.  A  plane  figure  is  a 
figure  completely  inclosed  on  all  sides  and 


which  lies  on  a  flat  surface.  For  example,  a 
square  cannot  exist  alone  in  nature.  When  we 
speak  of  a  square,  we  are  actually  speaking  of 
one  surface  or  plane  of  a  cube.  So  drawing  the 
planes  of  a  figure  will  aid  you  in  developing 
your  drawing  accuracy,  not  only  in  the 
application  of  geometric  construction 
principles,  but  also  in  the  construction  of  ^ 
three-dimensional  figures.  The  construction  of 
a  plane  geometric  figure  has  no  right  or  wrong 
way,  but  some  procedures  are  more  accurate 
than. others.  We  will  begin  with  the  triangle 
and  cbver  as  many  shapes  and  procedures  as 
necessary. 

209.  Given  the  procedure  for  constructing 
several  types  of  triangles,  list  the  procedure 
and  the  type  of  triangle. 

.Construction  of  a  Triangle  with  Three 
Given  Sides  (Fig.  1-20).  As  you  practice, 
follow  this  procedure: 

•  Draw  one  side,  such  as  side  A,  in  any 
position. 

•  With  \si4^B  as  a  radius,  strike  an  arc 
from  either  end  of  the  line  A. 

•  With  side  C  as  a  radius,  strike  an  arc 
from  the  opposite  end  of  A  and  intersect  the 
fii:starc. 

•  Draw  a  line  from  the  ends  of  side  A  to 
the  point  of  intersection. 

Construction  of  a  Right  Triangle  with 
Hypotenuse  and  One  Side  Given.  Figure  1-21 
illustrates  the  following  procedure  for 
constructing  a  right  triangle  with  hypotenuse 
(P)  and  a  side  (T)  given.      .    ^     ^  ... 

•  Draw  a  line  (any  position)  and  marK  oit 
BC  equal  to  the  length  of  line  P. 

•  Bisect  the  line  BC  (point  S). ' 

•  Using  point  S  as  center  and  radius  BS  or 
CS,  swing  the  semicircle.  f  m 

•  With  point  C  as  center  and  radius  i, 
strike  an  arc  cutting  the  semicircle  at  point  D. 

•  Draw  lines  BD  and  CD. 

Construction  of  an  Equilateral  yTriangle 
with  One  Side  Given.  Recall  that  all  sides  of 
an  equilateral  trian^e  are  equal  and  each 
angle  is  60°.  So  the  construction  of  this 
triangle  is  extremely  simple.  The  following 
procedure  is^ustrated  in  figure  1-22. 

•  Draw  line  AB  any  required  length.' 

•  Using  line  AB  as  radius  and  point  B  as 
^  center,*  swing  an  arc. 

•  Using  the  same  radius  and  point  A  as 
center,  swing  another  arc  to  intersect  the  first 
arc. 

•  Draw  sides  AC  and  BC. 
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Figure  1-17.  Constructing  a  lint  tangent  to  t  circle  from  an  outside  point. 


Construction  of  an  Equilateral  Triangle, 
Using  a  T*square  and  Trian|le.  This  is  a 
convenient  method,  particularly  if  the  base  of 
the    triangle    is   horizontal.    Figure  1-23 
,  illustrates  the  following  procedure, 

•  Place  a  30^60*  triangle-  against  a 
T-square  and  draw  a  line  which  makes  a  60"* 
angje  with  one  end  of  given  base  AB. 

•  Draw  a  .  line  which  makes  a  60"*  angle 
with  the  other  end  of  base  AB. 

•  The  intersection  of  these  two  lines  at 
point  C  completes  the  triangle. 


ERIC 


Exercises  (209): 

1.  Given  three  sides  of  a  triangle,  side  A 
equals  1%  inches.  What  is  the  actual  length 
of  the  other  two  sides? 


2.  Draw  a  triangle  with  the  hypotenuse  XVa 
inches  and  one  side  %  inch.  Find  the  length 
of  the  other  side. 
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Figure  1  20.  Conitnicting  a  triangle  with  three  given 
*  sides.  I 
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Figure  1-22.  Constructing  an  equiliteral  triangle  with 
one  given  side. 


3.  Using  a  T-square  and  triangle,  draw  an 
equilateral  triangle  with  a  height  of  2 
inches. 


•  With  points  C  and  D  as  centers  and 
radius,  BC,  strike  arcs  which  intersect  (point 
E). 

•  Draw  lines  DE  and  EC  to  complete  the 
square. 


210.  Given  the  rules  for  constructing  a 
square,  demonstrate  procaines  that  will 
result  in  a  square. 

Construction  of  a  Square  with  One  Side 
Given.  As  in  the  construction  of  many  other 
figures,  there  are  several  ways  to  draw  a 
square.  The  following  method,  illustrated  in 
figure  1-24,  should  come  in  handy  at  times 
for  drawing  a  square  at  any  angle. 

•  Draw  a  perpendicular  to  given  side  BC  at 
point  B. 

•  Using  point  B  as  center  and  radius  BC, 
strike  an  arc  to  intersect  the  perpendicular 
(point  D).. 


231-21 


Construction  of  a  Square  with  Distance 
Across  Comers  Given,  Using  T-square  and 
Triangle.  The  following  method  to  make  this 
construction  is  illustrated  in  figure  1-^5. 

•  Through  points  A  and  B  of  given 
distance  AB,  draw  lines  AC  and  BD,  using  a 
T-square  and  a  45''  triangle, 

•  Turn  the  triangle  over  and  draw  lines  AD 
and  BC  in  the  other  direction  through  the 
same  points. 

•  These  lines  which  intersect  at  points  C 
and  D  complete  the  square. 


Figure   1*21.   Constructing  a  right  triangle  with 
hypotenuse  and  one  side. 


23  1.23 

Figure  1-23.  Constructing  an  equilateral  triangle  with 
T-square  and  triangle. 
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23  1.24 


Figure  1-24.  Constructing  a  square  with  one  side 
given. 


231-26 


Figure    1'26.    Constructing    a  regular 
inscribed  within  a  given  circle. 


pentagon 
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Exercises  (210): 

1.  Construct  a  square  cwith  one  given  side. 


211.  Given  tlie  construction  techniques  of  a 
regular  pentagon,  demonstrate  two  methods 
.used  in  these  constructions. 

Constructing  a  Regular  Pentagon  Inscribed 
within  a  Given  Circle. 

The  following  procedure  to  construct  this 
pentagon  is  illustrated  in  figure  1-26. 
•  Draw  jany  diameter,  AB,  of  the  circle. 


•  Construct  radius  OC  perpendicular  to 
diameter  AB. 

•  Bisect  OB  to  find  point  D. 

•  Using  point  D  as  center  and  CD  as 
radius,  swong  an  arc  cutting  the  diameter  AB 
to  find  point  E. 

•  Using  C  as  center  and  CE  as  radius,  swing 
an  arc  cutting  the  circle  at  point  F. 

•  Draw  chord  CF.  This  chord  is  one  side  of 
the  pentagon.  ,  '  i 

•  Using  the  samfe  radius  CE  which  is  equal 
in  length  to  chord  CF,  step  off  the  remaining 
points  around  the  circle  and  connect  them 
with  chords. 

Constructing  a  regular  pentagon  with 
length  of  one  side  given.  The  foUowing 
procedure  to  construct  a  pentagon  on  given 
side  AB  is  illustrated  in  figure  1-27.  ' 

•  Using  given  side  AB  as  radius  and  point 
A  as  center,  draw  a  semicircle  to  cut  the 
construction  line  extended  from  side  a6., 

•  Divide  the  semicircle  into  five  equal 


^  231-25 

Figure  1-25.  Constructing  a  square  with  the  diiUnce      Figure  1'27.  Constructing  a  regular  pentagon  with 


across  corners  given. 


length  of  one  side  given. 
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parts  by  using  dividers.  (This  may  require 
^^.e^veral  attempts  before  you  have  the  divisions 
accurate.) 

•  Through  division  2,  draw  a  radial  nne 
A2.  This'line  is  one  side  of  the  pentagon. 

•  Tlirough  divisions  3  and  4,  draw  '.adiai 
lines,  extending  them  beyond  the  semicircle. 

•  Using  side  AB  as  radius  and  point  B  as 
center,  swing  an  arc  which  cuts  extended  line 
A4  to  find,  point  D.  Using  the  same  radius  and 
division  2'as  center,  swing  an  arc  which  cuts 
extended  line  A3  to  locate  point  C. 

•  Connect  the^points  thus  found  to 
complete  the  pentagon. 

Exercises  (211): 

1.  Using  a  diameter  of  2Vi  inches,  construct  a 
pentagon  inscribed  in  the  circle. 


2.  Given  one  leg  of  a  pentagon  VA  inches 
long,  construct  a  regular  pentagon  using  the 
method  described  in  figure  1-27. 


212.  Given  the  procedures  for  constructing  a 
hexagon,  demonstrate  three  that  are  most 
commonljr  used. 

Construction  of  Regular  Hexagons.  There 
are  several  methods  of  constructing  regular 
hexagons.  The  method  you  use  in  your 
drawings,  as  well  as  the  particular  situation,  is 
largely  up  to  you.  Hexagon  constructions  are 
common  in  both  mechanical  and  architectural 
drawing.  An  example  is  the  hexagonal-headed  ^ 
bolt  frequently  represented  in  mechanical 
drawings.  Now,  let's  cover  three  of  the  several 
ways  to  construct  these  figures. 

Constructing  a  regular  hexagon  with  the 
widthy  ABy  across  corners  given.  The 
procedure  which  follows  is  illustrated  in 

^figure  1-28.  .  .  . « 

•  Draw  a  circle  with  given  width  AB  as  its 

diameter.  '  '  u  r 

•  With  the  same  radius  (one-half  of 
diameter  AB)  and  using  points  A  and  B  as 
centers,  draw  arcs  intersecting  the  circle  as 
shown.  • 

•  Draw  the  chords,  as  shown,  thus 
completing  the  hexagon. 

Construction  of  a  regular  hexagon^  using 
Tsquare  and  triangle.  This  method  is  often 
used  when  one  side  is  horizontal  with  your 


Figure  1-28.  Constructing  a  regular  hexagon  with 
width  across  corners  given. 


drawing.  Figure  1-29  illustrates  the  following 
procedure. 

•  From  the  ends  of  the  given  line,  AB,  - 
draw  lines  1,  2,  3,  aijd  4  at  an  angle  of  60 
with  AB. 

•  Draw  two  construction  lines  makmg  a 
SO""  angle  with  line  AB. 

•  From  points  where  one  leg  of  each  30 
angle  intersects  a  leg  of  the  60'  angle  lying 
opposite  it  on  line  AB,  construct  parallels  to 
line  AB.  These  twojparallels  and  the  four  legs 
of  the  60""  angles  intersect  to  form  a  regular 
hexagon. 

« 

Construction  of  a  regular  hexagon  with 
width  across  flats  given.  This  method  af 
construction  is  illustrate^,  in  figure  1-30. 
Refer  to  this  illustration  as  you  follow  the 
procedure. 

•  Draw  a  circle  with  line  CD,  the  width 
across  the  flats,  as  the  diameter. 

•  Draw  the  vertical  and  horizontal  center 
lines. 

•  Using  the  30° -60°  triangle  and  T-square, 
draw  the  sides  of  the  hexagon  tangent  to  the 
inscribed  circle. 
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ACROSS  CORNERS 
GIVEN 
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Figure  1-29.  Conatructing  a  regular  hexagon  uaing  T-aqiiare  and  triangle. 

given,  and  then  when  the  width  across  comers 
is  known.  / 

Constructing  a  regular  octagon  with  width 
across  flats  given.  Refer  to  figure,  1-31  as  you 
follow  this  procedure. 

•  Construct  a  square  having  sides  equal  to 
the  given  width  across  flats  (AB  in  the  figure). 

•  Draw  the  diagonals  of  the  square  to 
locate  point  0,  their  intersection. 

•  Using  OA  (or  OB)  as  radius,  swing  an  arc 
from  each  comer  of  the  square  to  intersect 
two  sides  of  the  square. 

•  Connect  the  points  (intersections)  thus 
found  to  complete  the  octagon. 

Constructing  a  regular,  octagon  with  the 
distance  across  corners  given.  Figure  1-32 
illustrates  the  following  procedure. 


Exercises  (212): 

1.  Construct  a  regular  hexagon  with  width 
across  the  flats  as  described  in  figure  1-30. 


213.  Given  the  procedures  for  constructing  a 
regular  octagon,  demonstrate  the  method  of 
construction. 

Construction  of  a  Regular  Octagon.  Two 
methods  for  constructing  a  regular  octagon 
are  described  below.  First,  we'll  cover  the 
procedure  used  when  the  width  across  flats  is 
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BigUrc  1-32.  Constructing  a  regular  octagon—distance 
^  across  corners  given. 


•  Draw  a  circle  whose  diameter  is  equal  to 
the  given  distance  across  comers. 

•  Using  a  T-square  and  triangle,  draw 
horizontal  diameter  AB  and  vertical  diameter 
CD.  ^ 

•  Using  a  T-square  and  a  45''  triangle,  draw 
diameters  EF  and  GH. 

•  Connect  the  points  where  the  diJuneters 
intersect  the  circle*  to  complete  the,  octagon. 


•  With  point  B  as  center  and  given  side  BC 
as  radius,  draw  the  semicircle,  EC. 

•  Divide  the  semicircle  into  as  many  equal 
parts  as  the  required  number  of  sides— in  this 
case  7.  (This  may  be  done  with  dividers  and 
the  **trial  and  error"  method.) 

•  Draw  line  B2  which  is  a  side  of  the 
polygon. 

•  Draw  the  perpendicular  bisectors  of  lines 
BC  and  B2  to  locate  poiht  0,  their 
intersection.  (The  perpendicular  bisectors  aro 
drawn  by  means  of  the  construction  arcs,  as 
shown.) 

•  Using  point  O  as  center  and  distance  OC 
as  radius,  draw  a  circle. 

•  From  point  B  draw  lines  passing  throu^ 
points  3,  4,  5,  and  6,  located  on  the  semicircle 
previously  subdivided,  and  extended  these 
lines  to  intersect  the  circumference  of  the 
circle. 


E.xercises  (213): 

1.  Draw    a    regular    octagon    using  the 
across- flats  method. 


2.  Draw     a    regular    octagon    using  the 
across-comers  method. 
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214.  Civen  the  procedure  for  constructing  a 
regular  polygon,  demonstrate  the  procedures 
by  constructing  a  polygon  with  a  given 
number  of  sides. 

Construction  of  a  Regular  Polygon  with 
f\ny  Number  of  Sides.  This  method  is 
particularly  useful  for  constructing  a  ploygon 
of  an  6dd  number  of  sides  such  as  7,  9,  etc. 
When  the  length  of  a  side  is  given,  this 
construction  is  similar  to  that  of  a  pentagon* 
The  following  procedure  for  constructing  a 
regular  polygon  'of  7  sides  is  illustrated  in 
figure  1-33. 

•  K.xtend  given  side  BC  as  shown. 


231-33 


Figure  1*33.  Constnicting  t  regular  polygon  with  any 
number  of  sides. 
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Figure  1-34.  Constructing 


•  Connect  these  intersections  to  complete 
the  polygon  as  shown.  * 

Exercises  (214): 

1.  Draw  the  following  regular  polygons.  . 
a.  With  one  side  VA  inches  long,  draw  a 

seven-sided  polygon. 
6.  With  one  side  VA  inches  long,  draw  a 

nine-sided  polygon. 


an  ellipse  by  foci  method. 


ellipses,  more  units  are  required  to  draw  a 
smooth  curve,) 

•  Using  Al  as  radius  and  point  E  as  center, 
strike  arcs^n  quadrants  2  and  3,  Then,  using 
the  same  radius  and  point  F  as  center,  strike 
arcs  in  quadrants  1  and  4.  - 

•  With  Bl  as  radius  and  point  F  as  center, 
strike  arcs  intersecting  the  first  arcs  in 
quadrants  2  and  3  (marked  points  P)  in  each 
quadrant.  Using  the  same  radius  and  point  E 
as  center,  repeat  this  operation.  Thus,  arc 


215.  Given  six  procedures  for  constructing  an 
ellipse,  demonstrate  each  different  method. 

An  Ellipse  Constructed  by  Foci 
Method— True  Ellipse.  This  method  is 
frequently  used  because  it  is  very  accurate 
and  particularly  useful  for  constructing  an 
ellipse  with  a  major  axis  of  between  2  inches ' 
and  6  inches  in  length.  With  major  axis  AB 
and  minor  axis  CD  given,  the  following 
procedure  is  illustrated  in  figure  1-34. 

•  Locate  the  foci,  points  E  and  F,  by 
swinging  an  arc  of  rtuiius  AO  (half  of  major 
axis)  and  point  C  (one  end  of  minor  axis)  as 
center, 

•  Divide  the  distance  between  points  E 
and  O  on  the  major  axis  into  a  number  of 
units,  such  as  1,  2,  3,  4,  5,  etc.  (For  larger 
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Figure  1*35.  Constructing  an  ellipse  by  pin  and  >trmtf 
method. 
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intersections  (points  P)  in  each  quadrant  are 
established. 

♦  Using  each  of  the  remaining  points  on 
EO,  measured  radii  A2,  B2,  A3,  B3,  etc. 
Repeat  the  process  described  above,  using  the 
same  centers,  - 

♦  'Use  the  irregular  curve  in  joining  the 
plotted  points  (arc  intersections)  to  draw  the 
ellipse. 

Art  Ellipse  Drawn  by  Pin  and  String 
Method.  This  method  is  not  accurate  enough 
for  drafting  in  general.  However,  it  is  very 
handy  for  large  constructions.  For  instance,  it 
IS  a  common  method  of  laying  out  ellipses  for 
flower  gardens,  etc. 

Recall  that  an  ellipse  may  be  generated  by 
a  point  moving  in  such  a  way  that  the  sum  of 
its  distances  f»>m  two  points  (the  foci)  is 
constant  and  equal  to  the  major  axis.  This 
principle  is  shown  by  the  following  procedure 
and  illustrated  in  figure  1-35.  The  given  major 
and  minor  axes  are  AB  and  CD,  respectively. 

•  Locate  the  foci,  points  E  and  F,  as 
described  in  the  foci  method.  ~ 

•  Fasten  the  end  of  a  string  (of  length 
equal  to  distance  ECF)  at  points  E  and  F  with 
pins  sp  that  there  wUl  'be  no  slack  when  the 
midpoint  of  the  string  is  held  by  a  pencil  (or 
other  marking  device)  at  point  C.  . 


•  By    moving   the   pencil    around  the 
maximum  orbit  allowed  by  keeping  the  string 
taut,  the  ellipse  will  be  described.  The  meU: 
of  movement  is  shown  in  Ulustration  (from 
point  P  to  PI,  etc) 

An  Ellipse  Constructed  ^  by  Trammel 
Method— True  Ellipse.  This  method  is 
preferred  by  many  draftsmen.  If  you  are 
careful  to  be  accurate,  you  will  find  this 
method  siirqjlfi_Md  fast.  Refer  to  figure  l-3b 
as  you  practice  the  following  procedure. 

•  On  the  straight  edge  of  a  slip  of  paper, 
cardboard,  or  plastic,  mark  half  the  dist;mce 
(AO)  of  the  major  axis,  and  then  mark  half 
the  distance  (CO)  of  the  minor  axis. 

•  Place  the  trammel  so  that  point  A  is  on 
the  minor  axis  and  point  C  is  on  the  major 
sucis.  Point  O  is  then  marked  on  the  curve. 

•  Locate  additional  points  of  the  curve  by 
moving  the  trammel  to  other  positions, 
always  keeping  point  A  of  the  trammel  on  the 
minor  axis  and  point  C  on  the  major  axis. 

•  After  you  have  established  a  sufficient 
number  of  p6ints  for  the  curve,  draw  the 
ellipse  with  an  irregular  curve. 

An  Ellipse  Constructed  by  Four-Center 
Method.  Although  this  method  of 
construction  produces  an  approximate  ellipse, 
it  is  useful,  since  the  use  of  an  irregular  curve 
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Figure  1*36.  Constnicting  an  ellipse  by  trammel  method. 
22 
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Figur©  1-37.  Constructing  »n  ellipse  by  four-center  method. 


is  not  required.  Given  the  axes  AB  and  CD, 
the.  following  procedure  is  illustrated  in  figure 
1-37. 

^  •  Draw  line  AC  to  connect  the  ends  of  the 
major  and  minor  axes. 

•  Mark  on  line  AC  the  distance  CE,  which 
is  equal  to  AO  minus  CO. 

•  Draw  the  perpendicular  bisector  of  A E, 


extending  the  bisector  to  intersect  the  major 
axis  at  point  F  and  the  extended  minor  axis  at 
point  G.  These  two  intersection  points  are 
centers  for  two  of  the  required  arcs. 

•  Locate  points  F'  and  0'  in  a  similar 
manner  or,  more  simply,  by  using  dividers. 
When  using  dividers,  set  off  GO'  equal  to  OG 
and  OF'  equal  to  OF. 


23 


Figure  1-38.  Conitructing  an  ellipse  by  concentric  circle  method. 


•  Using  points  G  and  G'  as  centers  and  CO 
as  radius,  swing  the  two  (long)  arcs.  Then, 
using  points  F  and  F'  as  centers  and  radius 
FA,  swing  the  two  (short)  arcs. 

•  Thus,  these  four  arcs  meet  to  con\plete 
the  ellipse.  / 

An  Ellipse  Constructed  by.  Concentric 
Circle  Method-Ture  Ellipse.  This  is  another 
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method  which  you -may  prefer  to  use  at  times. 
An  ellipse  constructed  by  this  method  is  very 
accurate.  Refer  to  figure  1-38  as  you  practice 
the  following  procedure. 

•  Using  the  intersection  of  the  given  major 
axis  BG  and  minor  axis  EF  (point  D)  as  center 
for  the  ellipse,  draw  two  ^oncentric  circles 
having  the  major  and  mmor  axes  as  diameters. 

•  Draw  anyViametral  line  GH. 
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Figure  1-40.. Constructing  a  parabola  by  intersection  method. 


•  Throu^  points  where  the  diametral  line 
GH  cuts  the  circumference  of  the  outer  circle, 
draw  vertical  lines  MH  and  GN. 

•  At  points  where  the  ssune  diametral  line, 
GH,  intersects  the  circumference  of  the  inner 
circle,  draw  horizontal  lines  KM  and  NL. 

•  The  intersection  points  M  and  N  of  the 
vertical  and  horizontal  lines  are  points  on  the 
required  ellipse. 

•  Next,  locate  point  M'  by  extending  line 
GN,  and  line  KM  to  intenect  as  shown  on  the 
illustration.  In  a  similar  manner,  locate  point 
N'. 

•  Thus,  four  points  are  established  on  the 
ellipse  by  drawing  one  diametral  line. 

•  Repeat  the  entire  procedure  several  "more 
times  to  locate  enough  poirrts  so  that  a 
smooth  ellipse  can  be  drawn  by  use  of  an 
irregular  curve. 

Exercises  (215): 

1.  Construct  an  ellipse  using  the  foci  method. 


2.  Construct  an  ellipse  using  the  pin  and  string 
method. 


3.  Construct  an  ellipse  using  the  trammel 
method. 


4.  Construct  an  ellipse  using  the  four-center 
method. 


5.  Construct  an  ellipse  using  the  concentric 
circle  method. 


6.  Which  of  these  are  true  ellipses? 


216.  Given  three  procedures  for  constructing 
a  parabola,  demonstrate  each  different 
method  of  construction. 

Construction  of  Parabolas.  There  are  many 
uses  for  the^  parabola.  It  is  used  for  reflecting 
surfaces  of  light,  sound,  radar  pulses,  etc.,  as 
well  as  for  vertical  curves  in  highways,  for 
forms  or  arches,  machine  design,  and  others. 
Following  are  several  methods  of  constructing 
a  parabola. 

Parabola  constructed  by  focus  method.  In 
the  following  construction,  illustrated  in 
figure  1-39,  the  focus  (F)  and  directrix  (AB) 
are  given.  (A  directrix  is  a  fixed  line  or  curve 
used  as  a  guide  in  describing  a  curve  or 
surfalje.)  Refer  to  the  figure  as  you  practice 
^the  following  procedure. 

•  Draw  a  line  DE  parallel  to  directrix  AB 
and  at  any  distance  CO  from  the  directrix. 
(Points  C,  F,  and  O  lie  on  the  axis  of  the 
parabola.) 

•  With  focus  F  as  center  and  CO  as  radius, 
strike  arcs  to  intersect  line  DE  at  points  Q  and 
R,  which  are  points  on  the  parabola. 

•  Determine  as  many  additional  points  as 
are  required  to  draw  the  parabola  accurately 
and  draw  the  corresponding  p?u:allel  lines. 

•  Using  focus  F  as  center  and  radii  equal 
to  the  distance  from  point  C  to  each 
additional  parallel  line,  strike  the  interse<?ting 
arcs  as  before. 

•  Using  an  irregular  curve,  draw  a  smooth 
curve  through  the  points  of  intersection  of 
the  lines  and  arcs  and  vertex  V  to  complete 
the  parabola.  (Vertex  V  is  the  midpoint 
between  points  C  and  F.) 

Parabola  constructed  by  intersection 
method.  In  this  method  of  construction,  the 
rise  and  span  of  th6  parabola  are  given.  In 
figure  1-40  the  rise  and  span  of  the  parabola 
are  determined  by  the  dimensions  of  given 
rectangle  ABCD.  Refer  to  this  figure  as  you 
follow  the  procedure. 

•  Divide  side  BC  into  any  even  number  of 
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Figure  1-41.  Constructing  a  parabola  by  tangent  method. 


equal  parts  (eight,  for  instance),  and  divide 
each  side  AB  and  CD  into  half  as  many  parts. 

•  Draw  lines  as  shown  in  the  figure. 

•  The  intersections  of  like-numbered  lines 
are  points  on  the  parabola. 

•  Draw   a  smooth  curve   throu^  the, 
intersections  to  complete  the  parabola- 
Construction  of  a  parabola  by  the  tangent 

method.  For  this  construction,  two  given 
points  of  the  parabola  (points  B  and  C  in 
figure  1-41)  are  required.  Refer  to  this  figure 
as  yoii  follow  the  procedure. 


•  Assuming  any  point  D,  draw  ^Tgents  to 
points  B  and  C,  lines  DB  and  DC,  respectively. 

•  Divide  lines  DB  and  DC  into  the  same, 
number  of  equal  parts  (six,  for  instance),  and 
number  the  division  points  as  shown  in  the 
illustration. 

•  Connect  the  corresponding  points  1-1, 
2-2,  etc. 

•  These  lines  which  connect  the 
corresponding  points  are  tangents  of  the 
required  parabola. 

•  Sketch  a  light,  smooth  curve;  then  finish 
the  curve  by  using  an  irregular  curve. 


Figure  1-42.  Constructing  a  hyperbola  by  foci  method. 
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Figure  1'43.  Corutructing  a  hyperbola  by  intenection 
method.  . 

V 

Exercises  (216): 

1.  Draw  parabolas  using  each  of  the  foUowing 
methods: 
a.  Focus. 


h.  Intersection  or  parallelogram  method. 


c.  Tangent. 


217.  Given  the  procedures  to  construct  a 
hyperbola,  demonstrate  the  two  most 
common  methods  by  constructing  a 
hyperbola  by  each  method. 

Construction%of  a  Hyperbola  by  Foci 
Method.  A  hyperbola  is  a  curve  generated  by 
a  point  moving  so  that  the  difference  of  the 
distances  from  any  point  of  the  curve  to  two 
fixed  points,  called  the  foci,  is  a  constant 
equal  to  the  transverse  axis  of  the  hyperbola. 
In  the  foci  method,  the  foci  and  vertices  of 
the  hyperbola  are  given.  These  given  points 
are  indicated  by  F  and  F',  and  a  and  b, 
respectively,  in  figure  1-42.  Refer  to  this 
figure  as  you  practice  the  following 
procedure. 

•  Select  any  point  X  on  the  extended 
transverse  axis.  (The  transvetse  axis  is  ab;  that 
is,  the  axis  between  the  vertices,  a  and  b.) 

•  With  bX  as  radius  and  F'  as  center,  swing 
arc  DE;  with  F  as  center  and  the  same  radius, 
swing  another  arc  GH. 


•  With  aX  as  radius  and  F  as  center,  strike 
arcs  to  intersect  arc  DE  at  points  Q  and  R; 
•with  the  same  radius  and  F'  as  center,  strike 
arcs  to  intersect  arc  GH  at  points  S  and  T. 
These  intersections  are  points  on  the 
hyperbola. 

•  Mark  off  additional  points  similar  to 
point  X  on  the  extended  transverse  axis,  such 
as  points  0,  1,  2,  3,  etc.,  as.illustrated.  Repeat 
the  preceding  procedure  by  progressively 
substituting  each  additional  point  for  original 
point  X. 

•  Draw  the  curve  throu^  the  intersections 
of  the  arcs. 

Construction  of  a  Hyperbola  by 
Intersection  Method.  This  construction  is 
derived  from  the  perspective  construction  of  a 
circle  where  the  points  have  been  fonned  by  a 
series  of  intersecting  lines.  When  you  study 
perspective  drawing'  later  in  this  course,  you 
will  better  understand  this  type  of 
perspective.  However,  it  is  not  necessary,  at 
this  point,  for  you  to  have  this  knowledge  in 
order  to  construct  a  hyperbola  by  the 
intersection  method.  • 

For  this  construction,  it  is  necessary, to 
have  the  vertex  and  two  symmetrically  placed 
points  on  the  hyperbolic  curve  given.  In  figure 
1-43  point  A  is  the  vertex  and  points  B  and  C 
are  the  symmetrically  placed  given  points. 
Since  figure  1-43  illustrates  only  the 
construction  of  the  hyperbola,  rpoint  P  may 
be  selected  at  any  convenient  distance  from 
point  A,  the  vertex.  Actually,  the  distance  of 
point  P  from  the  vertex  controls  the  shape  of 
the  hyperbola.  After  you  practice  the 
construction  of  the  hyperbola  by  the 
following  procedure,  we'll  cover  the  locating 
of  point  P  when  a  specified  conical  dimension 
is  givei). 


23  M4 


Figure  1-44.  Urtwing  an  involut*  6f  a  line. 
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•  Draw  the  rectangle  as  shown  in  the 
illustrations,  (Notice  that  the  dimensions  are 
in  accordance  with  points  A,  B,  and  C.)  ^ 

•  Divide  BC  into  an  even  number  of  equal 
parts  {-l&r'or-exampleh^  

•  Divide  the  sides  into  half  tl/e  number  of 
equal  parts  (5,  for  example). 

•  Connect  point  P  with  (the  divisions  on 
BC. 

•  Connect  point  A  with  the  divisions  on 
the  sides. 

•  The  intersection  of  the  corresponding 
numbered  lines,  together  with  points  A,  B, 
and  C,  are  the  points  of  the  parabola.  (For 
example,  the  intersection  of  lines  P4  and  A4 
is  a  point  on  the  hyperbola.) 


Ex^^s  (217): 

1.  Draw  a  hyperbola  using  the  foci  method. 


2.  Draw  a  hyperbola  using  the  intersection 
method. 


218.  Given  the  procedure  for  drawing  an 
involute,  construct  an  involute  to  any  circle 
or  regular  polygon. 

Drawing  an  Involute  of  a  Line.  An  involute 
is  a  spiral  curve  made  as  if  by  a  point  on  a 
perfectly  taut  string  as  it  xinwinds  from 
around  another  object,  such  as  a  line, 
polygony  or  a  circle. 

The  fojljowing  procedure  to  draw  the  involute 
from  given  line  AB  is  illustrated .  in  figure 
1-44. 

•  Using  line  AB  as  radius  and  point  B  as 
center,  draw  semicircle  AC. 

•  Using  distance  AC  as  radius  and  point  A 
as  center,  draw  semicircle  CD*. 

•  Using  distance  BD  as  radifiis  and  point  B 
as  center,  draw  semicircle  DE. 

•  Continue  this  procedure,  alternating 
centers  between  A  and  B,  until  a  figure  of  the 
required  size  is  obtained.  For^nstance,  arc  EF 
is  the  next  one. 

Drawing  an  Involute  of  a  Square.  Now,  let's 
draw  an  involute  from  the  given  square 
ABCD,  as  illustrated  in  figure  1-45.  Notice' 
that  the  following  procedure  is  similar  to  that 
for  a  triangle. 

•  Using  DA  as  radius  and  point  D  as 
center,  strike* the J90°  arc,  AE. 


•  With  distance  CE  as  radius  and  point  C 
as  center,  strike  arc  EF. 

•  With  distance  BF  as  radius  and  point  B 
as  center,  strike  arc  FG. 

-  —  -•-Continue  with  this^-procedure  JuntiLa  . 

/igure  of  the  desired  size  is  completed. 

Drawing  the  Involute  of  a  Circle.  The 
involute  of  a  circle  is  often  used  in  the 
construction  of  gear  teeth.  For  this  drawing  a 
circle  may  be  regarded  as  a  polygon  having  an 
infinite  number  of  sides.  The  involute  is 
constructed  by  dividing  the  circumference 
into  an  equal  number  of  parts  and  drawing  a 
tangent  at  each  division  point,  and  then 
setting  off  each  tangent  equal  to  the  length  of 
the  corresponding  circular  arc.  The  length  of 
each  tangent  from  the  circumference  is  a 
point  through  which  the  involute  curve  will 
be  drawn.  Refer  to  figure  146;  then  ref^r 
again  to  the  method  for  rectifying  an  arc  as 
you  practice  the  following  procedure. 

•  Divide  the  circumference  into  a  number 
of  equal  parts,  such  as  12,  as  shown  in  the 
illustration. 

•  Draw  a  tangent  (Al)  to  the 
circumference  at  division  point  l^making  the 
length  of  tangent  Al  equal  to  arc  Xl. 

•  Draw  a  tangent  (B2)  to  the 
circumference  at  division  point  2,  making  the 
length  of  tangent  B2  equal  to  arc  X2. 


/  D 

A 

B  ^ 

i 
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Figure  1'45.  Drawing  an  involute  of  a  square. 
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r  23146 
Figure  1'46.  Drawing  an  involute  of  a  circle. 


•  Draw  a  tangent  (C3)  to  the 
circumference  at  division  point  3,  making  the 
length  or  tangent  u3~equal  to  arc  X^^ 

•  Continue  this  procedure  until  the  desired 
number  of  points  (A,  B,  C,  D,  etc,  in  the 
illustration)  is  established. 

•  Draw  a  smooth  curve  through  the 
established  points  by  means  of  an  inegular 
curve. 

Exercises  (218): 

1.  Draw  an  involute  to  the  following: 
a.  Line. 


&.  Square. 


A     %\  ♦*  3'    2'    r    C    ll'  10'    f     •'   7'    B  A    V    4'    3"    2     r    C    m'  »0    f         7'  B 


c.  Circle. 


219.  Given  the  procedure  to  construct  a 
cycloid    and    a    spiral,    demonstrate   the  ^ 
procedures  and  show  how  they  are  used. 

Construction  of  a  Cycloid  and  the  Spiral  of 
Archimedes,  A  cycloid  curve  is  often  used  for 
the  outline  of  gear  teeth?  The  spiral  of 
Archimedes  curve  is  commonly  used  in  cam 
design.  Now,  let's  see  how  to  draw  these  two 
curves. 

Drawing  a  cycloid.  Recall  that  a  cycloid  is 
the  Curve  generated  by  a  point  on  the 
circumference  of  a  circle  which  rolls  along  a 


straight  line.  Refer  to  figure  1-47,  as  you 
practice  the  followmg  procedure,  assuming 
the  circle  to  roll  to  the  left. 

»_Praw-straight  line  AB  taggeBi  to  the 


circle  at  point  C,  making  distancefA^,and  BC 
both  equal  to  the  semicircufnferehce  of  the 
circle.  (That  is,  the  distance  A  to  B  is  equal  to 
the  circumference.) 

•  Divide  the  circle  into  equal  parts,  such  as 
6  for  each  semicircumferencc. 

•  Divide  line  AB  into  the  same  number  of 
equal  parts  as  the  circumference,  and  draw 
perpendiculars  to  intersect  the  extended 
center  axis, 

NOTE:  As  the  circle  rolls  to  the  left,  when 
point  1  coincides  with  point  1'  on  line  AC, 
the  center  of  the  circle  will  be  at  point  D. 
Similarly,  point  7  will  move  to  the  previous 
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Figure  1-48.  Drawing  the  spiral  of  Archimedes. 
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position  of  point  6,  point  6  will  move  to 
point  5,  etc. 

•  Find  point  Px  by  drawing  a  line  tliruugli~ 
-point^parallel  to  line  AB  and-intersecting  it 

with  an  arc  drawn  with  point  D  as  center  and 
the  radius  equal  to  that  pf  th,e  circle.  This 
intersection  is  a  point  on  the  curve, 

•  Find  point  Py  by  drawing  a  line  through 
point  4  parallel  to  line  AB  and  intersecting  it 
with  an  arc  drawn  with  point  E  as  cent^  and 
the  radius  equal  to  that  of  the  circle.  This^ 
intersection  is  another  point  on  the  curve.  ^ 

•  Continue  this  procedure  using  the  same 
radius  and  points  F,  G,  and  H  as  centers  to 
find  points  J,  K,  and  L  of-ihe  curve.  Draw  the 
curve  by  use  of  an  irregular  curve. 

Assiuning  that*the  circle  rolls  to  the  right, 
the  method  of  locating  the  points  on  the 
curve  is  the  same.  However,  for  simplicity,  the 
lines  drawn  parallel  to  line.  AB  may  be 
extended,  and  the  points  *  on  the  curve 
established  by  marking  off  the  distances 
obtained'on  the  left  by  use  of  dividers. 

Drawing  the  spiral  of  Archimedes.  Recall 
that 'this  spiral  ii\ay  be  generated  by  a  point 
moving  around  a  fixed  point,  called  the  pole, 
and  away  from  it  in  such  a  manner  that  the 
distance  from  the  pole  increases  uniformly 
with  the  ajngle.  Notice  in  figure  1-48  that  the 
spiral  of  Archimedes  makes  one  turn  in  a 
giveh  circle. 

V 


Refer  to  figure  1-48  as  you  practice  the 
following  procedure. 

-    divide  the-circle  into  equal  parts-(such  as- 
12),  drawing  the  „.radii  „as  shown  in  thje, 
illustration.  (This  may  be  done  with  a  30' -60'' 
triangle.) 

•  Divide  the  radius,  AO,  into  the  same 
number  of  equal  parts,  numbering  outward 
from  the  center.  Thus,  one  division  of  the 
radius  is  the  increment  by  which  the  radius  of 
the  curvature  increases  in  passing  through  an 
angle  of  SO**.  (The  angles  are  SO""  because  we 
divided  the  circle  into  12  equal  parts.) 

•  Using  center  O  (the  pole)  and  01  as 
radius,  draw  an  arc  to  intersect  radius  OB. 
This  intersection  is  a  point  on  the  spiral. 

•  Continue  this  procedure  progressively 
around  the  circle  until  all  points  are  located. 

•  Using  the  irregular  curve,  draw  the  spira 
through  the  intersection  points  of  the  arc  an* 
radii. 


Exercises  (219): 

1.  Draw  the  spiral  of  Archimedes. 


2.  Draw  the  cycloid, 
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CHAPTER  2 


Introduction  to  Proiections 


THE  FUNCTION  of  any  drawing  is  to 
illustrate  and  describe  an  object  in  sufficient 
clarity  and  detail  so  that  it  is  understood  with 
very  little  explanation.  Even  in  ancient  times, 
man  drew  pictures  to  convey  his  ideas  or  as  a 
substitute  language.  In  those  days  a  large  part 
of  drawing  was  confined  to  building 
construction  and  the  fine  arts.  Although  few 
drawings  of  that  era  were  preserved,  some 
interesting  information  can  be  gathered  from 
those  which  were. 

The  crude  sketches  made  by  the  early 
builders,  on  clay  tablets,  limestone  slabs, 
papyrus  and  wood,  still  exist  for  us  to  study. 
Besides  having  crude  and  bulky  drawing 
material,  the  major  prdb^Mi  confronting  the 
early  draftsman  was  that  of  representing  solid 
objects  on  flat  surfaces.  Dimensions  of  length, 
width,  and  height  could  not  be  shown 
accurately  on  a  two-dimensional  surface. 
Little  progress  in  solving  this  problem  was 
made  until  t^e  15th  century  when  Leonardo 
da  Vinci,  an  Italian,  discovered  in  his  studies 
how  to  ^ve  the  illusion  of  depth  to  solid 
objects.  He  developed  and  taught  his 
technique  until  his  death  in  1519.  After  his 
death,  mathematics  scholars  used  various 
other  methods  to  show  exact  measurements 
in  their  drawings. 

Progress  in  this  area  was  very  gradual  until 
the  17th  century.  During  the  Napoleonic^, 
Gaspard  Monge,  a  Frenchman,  developed  'a 
system  of  right- angle  projections  on  planes  set 
up  perpendicular  to  each  other.  This  system 
was  not  only  measureable  but  is  the  basis  for 
the  three-dimensional  representations  that  we 
know  today. 

The  ability  to  think  in  three  dimensions  is  a 
prerequisite,  no  matter  what  type  of  drawing 
you  happen  to  be  engaged  in.  Every  drawing 
has  a  space  relationship  involving  four  factors: 

•  The  observer's  eye,  or  the  station  point. 

•  The  object. 

•  Projection  lines. 

•  The  plane  of  projection. 


In  technical  drawing,  three  kinds  of 
projections  are  used:  orthographic,  oblique, 
and  perspective.  All  three  projections  describe 
the  shapes  of  objects,  but  only  orthographic 
and  oblique  describe  the  size  of  the  object 
and  show  dimensional  markings. 

2*1.  Types  of  Projections 

Projections  are  generally  listed  in  two 
categories:  parallel  projections  and 
perspective  (or  central)  projections.  In  this^ 
chapter  we  will  be  concerned  with  parallel 
projections  and  the  major  units  under  parallel 
projections.  These  major  units  are 
orthographic  and  oblique  projections. 

220.  Given  the  principles  of  orthographic 
projections,  list  the  different  types  and 
categories  of  projections. 

Orthographic  Projections.  An  orthographic 
projection  is  any  projection  made  by  lines  of 
sight  which  are  perpendicular  to  the  image 
plane.  Since  these  projection  lines  are 
perpendicular  to  the  same  plane,  they  are 
parallel  to  each  other.  Notice  in  figure  2-1 
that  there  are  two  types  of  orthographic 
projections,  multiview  and  axpnometric. 

There  are  four  different  types  of  multiview 
drawings.  These  drawings  make  up  the  greater 
part  of  all  engineering,  industrial,  and 
firchitectural  drafting.  Sometimes  a  multiview 
drawing  is  supplemented  by  a  pictorial 
drawing,  such  as  an  axonometric. 

Multiview  drawings  are  made  to  represent  a 
three-dimensional  object  drawn  on  a 
two-dimensional  surface.  Tnf^method  of 
orthographic  projection  is  relatively  easv  to 
understand.  It  simply  consists  of  the  obseper 
viewing  an  object  as  if  it  were  placed  inside  a 
glass  box  (see  fig.  2-2).  The  observer  is  always 
on  the  outside  looking  in.  Notice  that  the 
object  is  positioned  so  that  each  face  is 
parallel  *with  a  respective  surface  or  image 
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TYPES  OF  PROJECTIONS 


PARALLEL 

ppojeciroNS 


PERSPECTIVE  OR 
CENTRAL  PROJECTIONS 


08LIQUE 
PROJECTIONS 


ORTHOGRAPHIC 
PROJECTIONS 


CAVALIER 


CABINET 


LINEAR 
PERSPECTIVE 


MULTIVIEW 


-i 


axonometric 


ANOLE 


SCCONO 
ANOLE 


THrHO 
ANOLE 


ONC 
^OINT 


TWO 


•OINT 


Figure  2*1 .  Projection  classifications. 
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plane  of  the  glass  box.  The  observer  assumes 
the  position  of  viewing  one  surface  at  a  time 
so  that  his  line  of  sight  is  perpendicular  to  the 
surface  and  the  image  plane.  Thu^,  each  face 
is  projected  and  can  be  drawn  on  the 
appropriate  image  plane  in  its  true  size  and 
shape. 

Opening  the  glass  box.  To  obtain  all  the 
views  of  the  object  laid  out  in  a  single  plane 
and  in  the  proper  position,  one  must  assume 
that  the  sides  of  the  glass  box  are  hinged.  The 
partially  opened  box  as  shown  in  figure  2-3 
has  five  of  the  six  views  rotating  from  the 
front  view  of  the  object,  thus  putting  the 
right  side  view  on  the  right  of  the  front  view, 
and  all  of  the  other  views  in  their  proper 
places  as  shown  in  figure  2-4. 

Selection  of  views.  In  drawing  an 
orthographic  projection,  .it  is  necessary  to 
select  only  those  views  that  will  describe  the 
object  completely.  The  first  step  is  to 
determine  the  front  view.  This  may  be  done 
by  placing  the  object  in  its  natural  position, 
so  that  the  top  is  parallel  to  the  top  image 
plane,  etc.  The  front  view  should  be  that  side 


that  shows  the  greatest  contour  or  the  most 
irregular  shape.  If  any  doubt  exists  concerning 
which  view  fulfills  this  condition,  select  the 
side  with  the  greatest  length.  Foldout  1  shows 
an  object  with  the  three  multiview  projections 
and  a  pictorial,  so  that  its  true  size  and  shape 
can  be  seen.  Notice  that  the  vie,w  selected  for 
the  front  shows  the  greatest  contour  of  the 
object.  This  may  or  may  not  be  the  actual 
front  of  the  object.  In  this  projection  only  the 
three  views  are  essential  to  understand  the 
object.  Generally,  it  is  the  practice  to  show 
the  side  view  that  requires  the  fewest  hidden 
lines.  If  a  drawing  becomes  cluttered  and 
confusing  because  of  the  hidden  lin^s,  the 
practical  thing  to  do  would  be  to  dra^  the 
other  side  and  eliminate  the  hidden  lines. 
When  there  is  little  difference  between  the 
'  right-side  view  and  the  left-side  view,  the  right 
side  is  preferred. 

Exercises  (220): 

1.  Projections  are  classified  into  what  two 
major  categories? 
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2,  Usually,  what  determines  which  side  of  the 
o6ject  should  be  the  front  view? 


221.  Given  an  object  to  be  drawn,  identify 
the  number  of  views  needed  to  show  size  and 
shape. 

^fow-to-Petermine-^the JiJmnber  -of  Views^ 


3.  Using  the  glass  box  theory,  when  are  the 
top,  front,  and  bottom  views  in  the  same 
vortical  line? 


2-2.  Number  of  Views  ' 

The  basic  pPUrpose  of  all  multiview 
projections  is  to  show  the  true  size  and  shape 
of  the  object  being  represented.  Although  an 
object  has  six  possible  views,  it  does  not 
necessarily  follow  that  all  six  views  must  be 
shown  to  completely  describe  the  object. 


The  guide  for  determining  the  number  jof_ 
views  needed  to  show  size  and 'shape "of  an" 
objerr  is  to  include  only  those  views,  which 
are  auov^t  jtely  necessary.  Very  thin  objects 
with  uniform  thickness  such  as  shims,  gaskets, 
and  plates  need  only  a  single  view  to  be 
effective,  as  shown  in  figure  2-5.  Symmetrical 
objects  can  often  be  limited  to  just  one  or 
two  views,  as  shown  in  figure  2-6.  In  niost 
cases  the  top  view  of  a  symmetrical  object 
would  be  a  duplication  of  the  front  view. 

The  front,  the  top,  and  the  side  views  are 
necessary  in  most  other  multiview  drawings. 
It  is  sometimes  necessary  to  show  more  than 
the  three  views  or  to  show  the  left  side  view 
instead  of  the  right  side  view.  Certain  ty^s^of 
objects  may  need  only  two  of  any  of  the 
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Figure  2*2.  Glais^box  method. 
36 


SACK 


FRONT 


BOTTOM 


Figure  2*3.  Opening  the  glass  box. 


three  views  if  the  detail  is  such  that  it  would 
be  virtxially  impossible  to  present  a  true 
representation  any  other  way. 

The  practice  in  drawing  is  to  show  all 
features,  hidden  or  otherwise.  Hidden  features 
are  shown  by  short,  evenly  spaced  dashes 
appearing  on  at  least  two  of  the  three  views 
and  appearing  as  a  solid  on  the  surface  of  the 
third.  In  layifig  out  a  dravring  ihere  will  be  a 
time  when  hidden  lines,  center  lines,  and 
story  lines  (visible  lines)  will  coincide.  The 
essential  point  of  any  drawing  is  the  story  it*s 
trying  to  tell,  so  visible  lines  are  the  most 
Important.  Visible  lines  must  always  take 
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precedence  over  all  other  lines;  hidden  lines 
are  next,  then  center  lines.  If  a  center  line 
coincides  with  ^  a  cutting  plane  or  any  other 
lines  that  are  g  part  of  the  story,  the  line  that 
contributes  the  most  to  the  readability  of  the 
illustration  takes  precedence.  Dimension  lines 
and  extension  lines  should  never  be  placed  so 
that  they  would  coincide  with  any  of  the 
other  lines. 

Exercises  (221): 

1.  How  many  views  are  possible  from  one" 
•  object? 


36 


Figure  2-4.  Uyout  of  .id«  of  glaw  box  on  paper. 


2.  How  many  views  are  needed  to  Ulustrate 
one  object? 


A  PICTORIAL 


B   ONE-VIEW  DRAWING 
Figure  2-5.  One-view  drawing  qf  •  Hat  object. 


3.  Which  lines  take  precedence  over  aU  other 
lines? 


222.  Given  a  situation  when  space  is  a 
problem.  giv6  some  of  the  possible  solutions. 

Drawing    Multiview   Illustrations.  When 
drawing  multiview  illustrations  and  space  is 
Sd  it  is  permissible  to  use  a  partial  view 
when     symmetriqal     objects    are  being 
represented.  The  half  view  of  the  drawing 
should  always  be  the  portion  neaxest  to 
full  view  of  the. drawing.  For  clan^.  where 
Zo  views  of  opposite  planes  can  be  used  to 
best  describe  the  object,  these  views  need  not 
bf  complete-provided  that  when  coMidered 
SgeXr'thVSescribe  the  object  as  orie  mut 
Therefore    only  hidden  lines  immediately 
S  ^e  surface  being  viewed  need  be 

'^%acing  also  becomes  a  problem  vnth 
obfect^ That  are  wide.  D™g  wide  oh^ec^  m 
the  conventional  three-view  method  will  leave 
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Figuw  2-6.  One-vitw  drawing  of  a  cylindrical  object. 


lai^e  open  areas/ as  shown  in  figure  2-7.  To 
avoid  this  situation,  it  is  permissible  to  draw 
the  side  view  to  the  right  of  the  top  view.  This 
appears  to  give  better  balance  to  the  page- and 
achieves  the  same  purpose  as  the  conventional 
three-view  method,  A  rear  view  can  also  be 
drawn  as  an  alternate  view;  but,  to  avoid 
confusion,  be  sure  that  alternate  views  are 
labeled  for  identification. 

Sometimes  when  two  views  are  needed  to 
represent  an  object,  you  may  choose  the  one 
^to  accompany  the-  front  view  from  two  or 
more  equiilly  descriptive  views.  When  any  one 
of  several  possible  view  combinations  \n\\ 
describe  the  object  adequately,  you  should 
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Figure  2-7.  Layout  for  a  two-vieVdrawing 


choose  the  combination  which  can  be  spaced 
best-  on  4he--paper .-Figure  2-7  iHustrates  tht* 
principle  of  choosing  and  arranging  views  lo 
give  a  pleasing  effect. 

In  a  t>yo-view  drawing  of  a  symmetnval 
object,  lonly  a  partial  view  may  be  needed  to 
describ^  the  object  adequately.  A  break  hne 
may  hje  used  to  limit  a  partial  view.  A 
half-view  drawing  is  shown  in  figure  2-8.  This 
type  of  drawing  is  covered  in  a  later  volume 
of  this  CDC.  However,  by  carefully  analyzing 
the  half-view  shown  in  figure  2-8,  you  should  • 
see  the  principle  of  this  method. 

Exercises  (222): 

1.  Where  should  a  half  view  of  a  drawing  be 
used? 


2.  What    two    views    are    permissible  to 
construct  a  two-view  drawing? 


231-56 


Figure  2-8,  Partial  view. 
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JRUE  PROJECTION       PREFERRED  PROJECTION 
Kiguw  2-9.  Top  and  side  views  of  curved  surfaces. 

223»  Given  the  projection  of  oblique 
.  curved  surfaces,  fillets,  and  rounds,  identify 
each* 

Oblique  Surfaces.  When  a  surface  is  at  an 
acute  or  obtuse  angle  to  all  parallel  or 


principal  planes  of  projection,  it  is  an  oblique 
surface.  The  true  size  of  an  oblique  surface 
will  not  appear  in  any  of  the  normal  or  * 
principal  views  of  a  drawing.  To  show  the  true 
shape  and  si^e  of  an  oblique  surface,  a 
secondary,  or  auxiliary,  view  must  be  drawn. 
Oblique  or  auxiliary  views  are  described  in 
more  detjul  in  Chapter  3. of  this  volume. 

Curved  surfaces,  curved  edges,  fillets^  and 
rounds  are  a  vital  part  of  the  graphic 
specialist's  vocabulary.  He  should  understand 
how  and  why  Jh^se  elements  apply  to  his 
profession.  Many  objects  have  curved  surfaces 
and  edges  tangent  to  a  straight  plane.  When 
objects  have  continuously  curved  surfaces,  as 
in  point  B  of  figure  2-9,  that  are 
perpendicular  and  tangent  to  each  other,  they 
are  perpendicular  to  the  plane  of  projection. 
When  a  circle  or  curve  is  parallel  to  the  plane 
of  projection,^  it  is  drawn  as  a  circle  or  curve 
on  the  parallel  plane  and  as  a  straight  line  on 
toe  sfdjacent  plane.  If  the  plane  of  tangency  of 
two  curves  is  at  an  angle,  no  line  is  shown  in 
the  plane  of  projection  (see  points  H  and  I  of 
fig.  2-10). 

Fillets  and  rounds  are  always  shdwn  on 
drawings  to  indicate  comers  of  unfinished 
castings.  Since  most  castings  of  machine  parts 
and  tools  are  made  by  pouring  molten  metal 
into  specially  constructed  molds,  precautions 
are  taken  to  eliminate  sharp  comers  wherever 
possible.  Besides  improving  the  appearance, 
rounded  comers  and  edges  provide  greater 
strength  and  ease  of  handling  of  the  finished 
product.  (See  fig.  2-11.) 

If  the  finished  product  is  to  have  machined 
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Figure  2-10.  Intertectioni  of  round*  and  fillet*. 
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Figure  2-11.  ConTentiontl  ropre«entation  of  filleU  and  rounds. 


intersecting  surfaces,  the  comers  are  to  be 
drawn  sharp  and  square.  Fillets  and  rctands 
are  to  be  designated  by  note  as  to  the  size  of 
the  radius.  The  note  should  read  in  this 
manner,  ''All  fillets  and  round  V<  inch  radius 
unless  otherwise  specified.'*  These  notes 
should  be  placed  near  a  principal  view  o^  in  a 
general  area  designated  for  notes.  Notice  in 
part  A  of  figure  2-9  that  a  true  projection  of  a 
rounded  edge  has  no  line  to  define  the 


intersection  of  the  two  different  surfaces. 
But,  in  the  preferred  method  shown  in  part  B, 
lines  on  the  projected  (top)  view  represent  the 
rounded  edges  Joining  the  surface.  The  added 
lines  show  where  the  surface  would  intersect 
if  the  fillets  and  round  were  not  there. 

Exercises  (223): 
1.  What  is  a  fillet? 
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Figure  2'14.  bint  angle  projection. 


2.  What  is  a  round? 


3.  What  is  an  oblique  surface? 


4.  What  do  fillets  and  rounds  indicate  on  a 
drawing? 


224.  Given  a^  definition  of  a  projection  plane » 
explaia  the  planes  of  projection  and  their 
function. 

Planes  of  Projection.  The  three  planes  used 
in  orthographic  projection  are  the  vertical  (or 
frontal)  plane,  the  horizontal  plane,  and  the 
profile  plane.  These  planes  revolve  about 
certain  axes  to  bring  the  three  essential  views 
of  a  multiview  drawing  into  a  single  pl^^ne. 
The  horizontal  plane  revolves  around  the 
X-axis  and  the  profile  revolves  around  the 
Y-axis.  The  axes  are  formed  by  crossing  the 
hoVizontal  and  vertical  planes,  as  s,hown  in 
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figurt*  2-12.  The  mtersection  of  the  horizontal 
and  vertical  planes  generates  four  quadrants, 
known  as  first,  second;  -  third,  and  fourth 
angles.  Objects  may  be  placed  in'  any  of  the 
four  quadrants  and  its  surfaces  projected  onto 
the  respective  planes. 

First  angle  projection  is  a  system  used 
exclusively  in  European  countries  for  making 
drawings.  By  placing  the  object  in  the  first 
quadrant,  the  vi^er  looks  through  the  object- 
to  the  plane  of  projection.  Upon  revolving  the 
horizontal  and  profile  planes  into  the  vertical 
planes,  the  three  essential  views  assume  the 
position  shown  in  figure  2-13.  Notice  that  the 
top  view  is  below  the  front  view,  and  the  left 
side  view  is  to  the  right  of  the  front  view. 

Second  and  fourth  angle  projections  are 
rarely  if  ever  used  in  working  drawings.  When 
the  horizontal  and  profile  planes  are  revolved 
into  the  vertical  plane,  both  the  top  and  front 
views  are  superimposed.  This  overiapping  of 
views  tends  to  restrict  the  clear  visibility  of 
either  view. 

Third  angle  projection  is  the  system  used  in 
the  United  States  and  Canada  for 
orthographic  projection.  As  shown  in  figure 
2-14  in  quadrant  III  the  observer  is  always  on 
the  outside  looking  in,  as  compared  to  the 
first  angle  projection  where  the  observer  is 
looking  through  the  object  to  the  image 
plane.  When  the  horizontal  and  profile  planes 
are  revolved  into  the  vertical  plane,  the  views 
of  the  object  fall  into  a  logical  order.  The  top 
IS  directly  above  the  front  views,  and  the  right 
side  view  is  to  the  right  of  the  front  view.  (See 
fig.  2-15.) 

♦  i 

Exercises  (224): 

1.  What  are  the  image  planes  or  planes  of 
projection? 


2.  What  angle  projection  do  the  horizorital 
and  the  profile  planes  fall  into  in  a  logical 
order  when  revolved  into  the  frontal  plane? 


2-3.  Axonometric  Projection 

Axonometnc  projection  is  an  orthographic 
pictorial  projection  of  an  object  whose  three 
major  surfaces  are  angles  to  a  single  plane  of 
projection.  As  with  other  pictorial  drawings, 
this  type  of  projection  gives  us  only  an  overall 
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Figure  2-15.  Third  Angle  projection.^ 


description  of  the  external  surfaces  of  an 
object  and  a  three-dimensional  concept  of  its 
shape,  form,  and  mass.  Since  it  is  often 
necessary  to  show  the  natural  appearance  of 
the  whole  object,  you  can  see  the  necessity 
for  representing  it  pictorially. 

Objects  having  very  complicated  outlines 
can  be  represented  by  means  of  orthographic 
multiview  drawings.  However,  to  read  some 
multiview  drawings,  a  person  must  have  a  high 
degree  of  skill  and  a  constructive  imagination. 
To  insure  that  the  person  gets  the  correct 
impression  from  a  drawing,  a  pictorial 
(axonometric  or  perspective)  drawing  is  often 
used  instead  of,  or  in  conjunction  with,  an 
orthographic  drawing.  Many  -technical 
illustrations,  design  and  patent-office 
drawings,  etc.,  are  made  as  one-plane  pictorial 
projections. 

Since  an  object  can  be  placed  in  an  infinite 
number  of  positions  in  relation  to  the  plane 
of  projection,  it  is  possible  to  make  an  infinite 
number  of  axonometric  projections  of  the 
same  object. 

The  inclined  position  of  the  object  with 
respect  to  the  plane  of  projection  is  the 
distinguishing  feature  of  axonometric 
projection  as  compared  to  multiview 
projection.  Since  the  principal  edges  and 
surfaces  of  the  object  are  inclined  to  the  plane 
of  projection,  the  length  of  the  lines,  the  size 
of  the  angles,  and  the  general  projections  of 
the  object  vary  with  the  infinite  number  of 
possible  positions  in  which  the  object  may  be 
.  placed  with  respect  to  the  plane  of  projection. 
Projections  from  these  infinite  numbers  of 
possible  positions  may  be  classified  into  three 
general  types  of  axonometric 
projection^isometric,  dimetric,  and  trimetric. 
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Figure  2-16.  Steps  in  mtkthg  a  drawing. 
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Figure  2-17.  Types  of  ixonometric  projection. 


Since  the  principles  of  the  three  different 
types  of  axonometric  projections  differ  only 
with  respect  to  the  an^es  of  the  axes  and  the 
degree  of  foreshortening,  we  will  limit  our 
discussion  ^of  axonometric  projection  to 
isometrnr^ojection.  The  same  or  similar 
methods  of  construction  can  be  used  m 
dimetric  and  trimetric  projection. 

Principles  of  isometric  projection.  To 
produce  an  isometric  projection,  the  object 
must  be  placed  so  that  its  principle  edges 
make  equal  angles  with  the  plane  of 
projection  (frontal  plane).  This  means  that 
from  its  normal  orthographic  position  the 
object  must  be  rotated  45  about  its  vertical 
axis  and  then  tilted  forward  around  its 
horizontal  axis  until  its  principal  edges  make 
equal  angles  with  the  plane  of  projection. 

Figure  2-18  shows  how  an  isometric  is 
projected.  Refer  to  this  figure  as  you  read  the 
procedure  which  follows.  First,  draw  the  top 
view  showing  the  cube  rotated  45"*  from  the 
normal  multiview  position.  This  places  the 
two  lateral  faces  of  the  cube  at  an  angle  of 


225.  Answer    key    questions    relative  to 
axonometric  drawings. 

Types  of  Axonometric  Projections.  As 
shown  in  figure  2-16,, a  projection  of  an  • 
object  whose  three  visible  surfaces  are  at 
equal  angles  to  the  plane  of  projection  ^ 
classified  as  "to  isometric  projection.  A 
projection  of  an  object  which  has  two  of  its 
three  visible  surfaces  at  equal  angles  to  the 
planes  of  projection  is  called  a  dimetnc 
projection.  When  all  three  surfaces  are  at 
unequal  angles  to  the  plane  of  projection,  the 
projection  is  called  a  trimetric  projection. 

Figure  2-17  shows  the  projection  of  a  cube 
in  the  three  different  types  of  axonometric 
projection;  the  edges  of  the  cube  ^e 
foreshortened,  since  they  are  inclined  to  the 
plane  of  projection.  The  degree  of 
foreshortening  of  any  line  depends  on  its 
angle  with  the  plane  of  projection.  The 
foreshortening  increpes  as  the  angle  becomes 
greater. 

It  is  customary  to  consider  the  three  edges 
of  the  cube  which  meet  at  the  comer' nearest 
the  observer  as  the  axonometric  axes.  If  the 
degree  of  foreshortening  of  these  axes  is 
determined,  scales  can  be  easily  constructed 
for  measuring  along  these  edges  or  along  any 
other  edges  parallel  to  them. 
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Figure  2-18.  liometric  projection. 
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ISOMETRfC  DRAWING     .'SCMETRiC  PROJECTION 
Figure  2-19.  laometric  views  compared.  . 


45''  to  the  plane  of  projection.  Next,  project 
the  front  and  elevation  views  from  this  top 
view.  Transfer  the  elevation  view  so  that,  the 
line  AE  representing  the  diagonal  axis  of  the 
cube  is  perpendicular  to  the  plane  of 
projection.  Line  AE  is  now  a  horizontal  line. 
Locate  points  A,  B,  C,  D,  and  F  on  your 
drawing  paper  by  projecting  them  from  the 
orthographic  front  view  and  the  repositioned 
elevation  view.  Complete  the  isometric  by 
drawing  lines  between  the  appropriate  points. 

Notice  in  figure  2-18  that  the  three  edges 
AB,  AC,  and  AD  of  the  isometric  are 
foreshortened  equally.  If  you  measure  these 
lines  and  compare  them  with  the  dimensions 


in  the  original  cube,  you  will  find  that  they 
are  about  82  percent  of  true  length.  .Ali-o 
notice  that  the  isometric  axes  (m  this  cast* 
AB,  AC,  and  AD)  make  120^  angles  with  each 
other.  All  lines  parallel  to  these  isometric  axes 
are  called  isometric  lines.  All  planes  parallel  to 
the  faces  of  the  cube  are  called  isometric 
planes.  Lines  and  planes  which  do  not  fulfill 
these  conditions  are  called  nonisometric. 

Foreshortening.  A  correct'  isometric  view 
may  be  drawn  by  actual  projection  of  by 
foreshortening  all  isometric  distances  to 
approximately  82  percent  of  true  size  when 
the  view  is  drawn.  A  three-quarter  size  scale 
=  1")  may  be  used  to  approximate  the 
correct  measurements  for  foreshortening 
isometric  lines.  When  an  isometric  view  is 
prepared  by  using  a  normal  scale,  the  resulting 
representation  is  called  an  isometric  drawing. 
An  isometric  drawing  is  similar  to  an 
isometric  projection,  except  for  size;  the 
drawing  is  not  foreshortened.  Because 
isometric  drawings  are  made  full  size  or  full 
scale,  it  is  standard  practice  to  make  isometric 
disiwings  instead  of  true  isometric  projections. 
Figure  2-19  shows  the  comparison  between  an 
isometric  ^  drawing  and  an  isometric 
projection.  When  the  axes  measurements  are 
drawn  full  size  using  a  regular  scalg^  ^e 
isometric  drawing  is  about  22.5  percent  larger 
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Figure  2'20.  Isometric  scale, 
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than  the  true  projection.  It  is  much  more 
practical  to  use  an  isometric  drawing  than  it  is 
to  use  an  isometric  projection,  since 
measurements  can  be  made  much  more  easily. 
However,  when  a  projection  is  required,  it  is 
easier  to  construct  the  isometric  by  isometric 
measurements  than  it  is  by  the  actual 
projection  method.  The  following  is  a  method 
you  use  to  construct  an  isometric  scale  if  the 
correct  scale  is  not  available  to  you. 

Isometric  scjale.  When  a  drawing  is  made 
with  an  isometric  scale,  the  isometric 
dimensions  of  the  object  are  the  same  as  if  it 
were  actually  projected  on  a  plane  of 
projection.  As  we  stated  previously,  an 
isometric  scale  is  a  three-quarter  size  scale.  Its 
dimensions  are  approximately  .82  percent  of 
a  regular  scale.  The  following  procedure  for 
constructing  a  scale  is  illustrated  by  figure 
2-20. 

•  Draw  a  horizontal  line. 

•  Draw  the  45''  line  to  the  horizontal  line. 


/ 

•  Using  your  regular  scale,  mark  off  the 
units  and  intermediate  divisions  on  the  45"^ 
line. 

•  Draw     lines    perpendicular    to  the 
horizontal  line  to  each  division  mark. 

•  Draw  the  SO""  line. 

•  Place  a  piece  of  paper,  cardboard,  or 
some  similar  material  along  the  30''  line  as 
shown  and  mark  the  isometric  divisions  on 
the  material.  » 

During  the  discussion  which  follows  on 
making  an  isometric  dravmg  by  the  box 
method,  no  numerical  dimensions  (only 
literal)  are  used.  If  numerical  dimensions  were 
give,  they  could  be  either  isometric  scale  of) 
regular  scale  units'-the  method  of  drawing 
woul^be  the  same. 

Is^etric  drawing.  Remember,  the  only 
difference  between  an  isometric  drawing  and 
an  isometric  projection  is  the  scale  used. 
.Refer  again  to  figure  2-19.  Note  that  the 
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isometric  projection  was  **dravsrn"  with  an 
isometric  scale,  and  the  drawing  with  a  regular 
scale.  Isometric  drawings  are  built  on  a 
skeleton  of  three  lines  representing  the  three 
principal  edges  or  axes  of  a  cube.  All 
measurements  are  made  along  these  axes  or 
lines  parallel  to  them  (isometric  lines).  The 
location  of  nonisometxic  lines  and  other 
points  must  be  found  by  coordinate 
measurements  which  are  made  parallel  to  the 
isometric  axes.  (Only  isometiic  lines  and 
planes  are  shown  in  true  length  in  isometric 
drawing  and  projection.)  An  easy  way  to 
represent  an  object  in  an  isometric  drawing  is 
by  the  box  construction  method.  Pirst,  we'll 
discuss  the  construction  of  an  isometric  box 
and  follow  with  inserting  the  object  in  i 
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Box  construction.  The  procedure  wnich 
follows  shows  the  method  for  drawing  an 
isometric  rectangular  box  whose  sides 
coincide  with  the  main  faces  of  the 
object— height,  width,  and  depth.  Refer  to 
figure  2-21  as  you  study  the  following 
procedure. 

a.  From  a  point  which  represents  the  lower 
front  comer  (1)  of  the  box,  draw  the  three 
light  construction  lines  as  shown  in  part  B  of 
figure  2-21.  These  lines,  1-2,  1-4,  and  1-3,  are 
the  thrfee  major  axes  for  constructing  the  , 
isometric  box  shown  in  part  C. 

b.  From  this  lower  front  comer  (see  part 
C),  start  building  the  inclosing  box  by 
transferring  the  height,  width,  and  depth 
dimensions  from  the  orthographic  (multiview) 
drawing  of  part  A.  After  the  comers  (1 
through  4)  have  been  established,  complete 
the  box  by  drawing  the  parallel  edges 
(isometric  lines)  as  shown  in  the  illustration. 
These  lines  establish  comers  X,  Y,  and  Z. 

c.  The  box  can  also  be  completed  in  the 
following  manner.  Notice  that  at  the  top 
front  comer  (4)  of  the  box,  the  axes  make 
120°  angles  with  each  other.  Because  the 
inclosing  box  is  made  up  of  isometric  lines, 
you  can  complete  it  by  using  your  T-square 
and  SO""  -  60  triangle  and  architect  scale  or 
dividers.  Now,  let's  draw  the  object  by  means  ^ 
of  the  isometric  box. 

Drawing  the  object.  The  object  drawn  by 
means  of  the  box^is  shown  in  part  D  of  figure 
2-21.  Notice  how  measurements  from  part  A 
set  off  on  the  corresponding  isometric  edges. 
Be  sure  to  follow  the  mle  of  making  all 
measurements  on  only  the  isometric  axes  or 
isometric  lines.  As  you  study  these 
illustrations,  use  your  dividers  to  compare  the 
measurements.  These  measurements  coincide 
with  those  m  the  multiview  drawing  because 
this  is  an  isometric  drawings  not  a  projection. 


Now  use  the  coordinate  method  to  draw 
nomsometric  lines.  This  is  done  by  making 
measurements  along  isometric  lines  to  locate 
the  end  points  of  the  nomsometric  Imes.  An 
example  of  a  nonisometric  line  located  in  the 
way  is  the  front  edge  of  the  oblique  plane  in 
the  isometric  view.  This  oblique  edge  is 
located  on  the  isometric  view  by  first  marking 
off  distance  A  +  C  (see  part  A)  on  the  upper 
left  edge  of  the  left  front  face  of  the  box. 
This  establishes  one  end  point  of  the  oblique 
edge.  The  other  end  point  is  located  by 
marking  distance  D-E  off  on  the  lower  part  of 
the  base  line  of  the  same  face.  Remember  that 
in  drawing  both  isometric  and  nonisometric 
lines  all  lines  parallel  with  each  other  in  the 
object  are  represented  by  parallel  lines  on  an 
isometric  view.  Furthermore,  notice  that  the 
only  dimensions  which  do  not  coincide  with 
the  multiview  are  those  of  the  oblique  portion 
and  the  angle.  The  size  of  an  angle  is  changed 
when  it  is  in  an  isometric  drawing. 

After  the  drawing  is  finished,  erase  the  light 
construction  lines.  These  lines  are  indicated  in 
part  D  of  figure  2-21. 

NOTE:  In  isometric  drawing,  do  noi  show 
invisible  edges  unless  they  are  necessary  for  a 
clear  description  of  the  part.  It  is  common 
practice  in  all  pictorial  drawing  to  omit  all 
invisible  lines,  provided  they  are  not  needed 
to  explain  some  hidden  feature.  Also,  you 
should  avoid  excessive  use  of  center  lines,  to* 
show  the  axes  of^^mmetrical  parts.  Use 
dimension  lines  to  indiqate  dimensions. 


letrieJ ' 


Curves  in  isome^lri&J  The  offset  method  of 
measuring  is  widely  used  in  the  drawing  of 
curved  lines.  This  method  consists  of  locating 
points  through  which  the  desired  curve  is 
drawn.  Figure  2-22  shows  how  to  draw 
noncircular  curves  from  points  plotted  by 
offset  measurements.  The  curves  in  solid 
figures  usually  appear  in  pairs  as  parallel 
curved  edges  of  the  object.  To  simplify  your 
drawing,  draw  one  curve  by  plotting  the 
points  and  then  draw  isometric  lines  from  the 
points.  Fine  the  remaining  parallel  curve  by 
stepping  off  the  distance  along  corresponding 
isometric  lines.  Here's  how  this  is  done. 

Figure  2-22  consists  of  four  parts  which 
show  the  steps  used  to  make  an  isometric 
drawing  of  an  object  containing  a  curved 
surface.  First,  draw  the  orthographic  top  and 
front  views  of  the  object  as  shown  in  part  A. 
In  the  top  view,  select  at  random  along  the 
curve  any  number  of  desired  points,  such  as  2 
through  6.  (Points  1  and  7,  being  the  ends  of 
the  curve,  are  established  points.)  Use  enough 
points  to  fix  accurately  the  j!>ath  of  the  curvt . 
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Draw  verticafand  horizontal  offset  grid  lines 
from  these  points. 

Draw  the  isometric  box  as  shown  in  part  B 
of  figure  2^22.  Lay  off  along  isometric  lines 
the  dimensional  measurement  A  and  the 
offset  measurements  B  and  C  from  the  top 
view  to  locate  points  1  and  2  on  the  curve  in 
the  isometnc  box.  Locate  the  remaining 
points  by  using  the  same  offset  method.  This 
step  is  shown  in  part  C  of  the  figure  and 
represents  a  continuation  of  step  B.  After 
locating  all  points,  sketch  a  light  freehand 
curve  through  the  points  as  shown  in  the 
illustration. 

Notice  in  the  front  view  of  the  multiview 
projection  that  points  1'  through  7'  are 
established  by  projection  from  the  top  view. 
Locate  these  points  in  the  isometric  (see  part 
D  of  fig.  2-22)  by  drawing  vertical  lines 
downward  from  points  1  through  7,  making 
all  lines  equal  to  the  dimension  D  shown  in 
the  orthographic  front  view.  Sketch  a  light 
freehand  curve  through  the  ends  of  these  lines 
(points 'l'  through  7  ).  Complete  the  curved 
surface  by  drawing  the  finished  curve,  using 
an  irregular  curve  as  a  guide. 

Circles  in  isometric.  When  a  circle  lies  in  a 
plane  which  is  not  parallel  with  the  plane  of 


projection  as  in  isometric  drawings,  the  circle 
projects  as  a  true  ellipse.  However,  an 
approximate  ellipse  is  accurate  enough  for 
nearly  all  isometric  drawings.  (Ellipses  were 
presented  in  Volume  1.)  An  approximate  view 
of  a  circle  can  be  drawn  by  the  four-center 
method.  This  construction  can  be  used  only 
for  a  circle  which  lies  in  an  isometric  plane. 

Part  A  of  figure  2-23  shows  a  circle 
inscribed  in  a  square  which  is  parallel  to  the 
image  plane.  T5  draw  this  circle  in  isometric 
form,  the  first  step  is  the  construction  of  an 
isometric  square  with  sides  equal  to  the 
diameter  of  the  circle,  the  same  dimensions  as 
in  part  A.  Part  B  of  figure  2-23  shows  the 
construction  of  the  isometric  square.  You  can 
see  that  it  is  drawn  by  means  of  the  30''  -  60^ 
triangle  using  the  principle  of  parallel  lines. 
Now,  let's  inscribe  the  eUipse  within  this 
isometric  square  by  means  of  the  four-center 
method. 

Locate  the  midpoints,  a,  b,  c,  and  d,  of 
each  side  of  the  square,  and  then  connect 
points  ag  and  bh  (see  part  C).  Next,  draw  the 
long  diagonal.  This  diagonal  makes  an  angle  of 
60*"  with  the  horizontal.  The  points  of 
intersection,  e  and  f,  of  the  lines  ag,  bh,  and 
the  long  diagonal  are  centers  for  the  two  short 
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Figure  2-22.  Curve*  in  isometnc  projet:tion. 
49 


ERIC 


lb'/ 


arcs.  The  centers  for  the  two  long  arcs  are 
points  g  and  h.  Now  draw  the  ellipse  with  a 
compass  (see  part  D). 

Using  point  e  as  center  and  radius  ae,  draw 
arc  ac.  Similarly,  uSing  point  f  as  center  and 
radius  iJf  (same  as  ae),  draw  arc  bd.  Now  we 
have  the  two  short  arcs.  The  long  arcs  are 
drawn  in  the  same  way.  Using  point  g  as 
center  and  radius  ag,  draw  arc  ad;  and  then 
using  point  h  as  center  and  radius  hb,  draw 
arc  cb.  Thus,  the  four-center  ellipse  is 
completed.  The  four  arcs  shown  in  part  D 
were  purposely  not  connected  to  show  the 
four  separate  arcs. 

Part  E  of  figure  2-23  shows  the  con- 
struction of  the  four-center  ellipse  upon  the 
three  visible  faces  of  a  cube.  Notice  that  two 
of   the    long  diagonals   are   60^    to  the 


Figure  2-23.  Circles  in  isometric  projection. 
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Figure  2*24.  Isometric  circle  on  nonisortietric  plane. 
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Figure  2-25.  Angle  in  isometfic. 
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horuontal,  the  other  is  horizontal,  and  atl 
lhret\are  of.  equal  length.  Hence,  the  entire 
construction  cart  be  made  with  a  T-square  and 
30'  /  60""  tnani^le.  Observe  this  figure  closely, 
.uhI  you  Will  see  that  each  ellipse  is 
constructed  by  the  four-center  method  in  the 
way  we  described  earlier.  Use  your  compass  or 
dividers  and  locate  the  centers  and  radii  of  the 
aro:>  on  the  faces  by  the  method  just  explairwd. 

home  trie  circle  on  nonisometric 
plane.  Circles  and  curcular  arcs  in  nonisometric 
planes  are  plotted  by  using  the  offset  or 
coordinate  method.  Figure  2-24  illustrates 
how  this  construction  is  made.  Observe  this 
illustration  carefully  as  you  study  the  fol- 
lowing procedures. 

a.  To  being,  draw  an  isometric  box  around 
the  obfpQt  - , according  to  the  orthographic 
dimensions  (see  part  A).  Notice  that  the 
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ijSbject  is  drawn  without  the  ellipse  on  the 

inclined  face. 

6.  Next,  draw  an  ellipse  on  face  BHGT 
.using  the  orthographic  dimensions  to 
construct  it  and  space  it  correctly.  The 
isometric  circle  (ellipse)  may  be  constructed 
by  means  of  the  four-center  method.  . 

c.  Construct  a  series  of  planes  parallel  to 
face  ADCB.  (Five  planes  are  shown  in  the 
Jigure.)  One  edge  of  each  plane^^is  represented 
by  a  line  parallel  with  face  AEGH  and  the 
other  edge  by  a  line  parallel  with  face  BHFG. 
For  instance,  notice  edges  S'S  and  ST  which 
represent  one.of  the  planes.  / 

d.  Draw  diagonal  lines  (parallel  with/AB) 
along  the  sloping  surface  to  complete  the 
limits  of  the  constructed  planes.  For  instance, 
S'T  is  the  diagonal  for  one  particular  plane. 
These  diagonal  lines  lie  on  the  sloping  s)u:face. 


0 


Figure  2-26.  Construction  oi  object. 
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e.  At  points  where  the  planes  cut  the 
isometric  circle,  draw  isometna  projection 
lines  parallel  to  AH  to  intersect  corresponding 
sloping  lines.  The  point  at  which  a  projection 
line  intersects  a  sloping  line  is  a  point  on  the 
required  ellipse.  For  example,  note  that  line  ST 
cuts  sloping  line  S'T  at  point  P.  Thus, .point  P 
IS  an  established  point  on  the  required  ellipse. 

Other  points  are  established  in  exactly  the 
same  manner.  You  can  see  the  more  planes 
that  are  drawn,  the  greater  the  number  of 
points  that  can  be  established;  hence,  a 
smoother  ellipse  can  be  drawn  through  the 
points  by  means  of  irregular  curve. 

Angles  in  isometric.  Recall  that  an  angle 
projects  true  size  only  when  the  plane  of  the 
angle  is  parallel  t(J~the  plane  of  projection. 
Since  in  isometric  the  surfaces  of  the  object 
are  inclined  to  the  plane  of  projection,  the 
angles  are  not  projected  in  true  size.  Any 
angle  may  project  larger  or  smaller  than  true 
Size,  depending  upon  its  position.  Hence,  an 
angl^  must  be  drawn  by  linear  measurements 
along  isometric  lines,  not  drawn  by  the  actual 
degrees  of  the  angle. 

Figure  2-25  shows  the  isometric  drawing  of 
a  triangular  object  from  the  multiview.  The 
Inclosing  isometric  box  is  constructed  by 
transferjring  dimensions  from  the  multiview. 
The  vertex  of  the  equilateral  triangular 
surface  i^  found  by  locating  point  A  by 
measurement  (from  the  multiview)  along  an 
•isometric  line,  as  shown.  Of  course,  point  A  is 
midpoint  because  the  triangle  is  equilateral. 
Notice  that  none  of  the  angles  are  60*^  in  the 
isometnc.  Tp  verify  this  fact,  measure  each 
angle  in  the  isometric  with  your  protractor. 

Construction  of  an  object  containing 
curves.  Figure  2-26  shows  the  steps  in 
constructing  an  isometric  drawing  of  an 
object  which  is  composed  of  a  cylinder  and 
curved  surfaces.  Study  the  steps  shown  in 
the  illustrajtion.  Use  your  dividers  to  com- 
pare measurements,  and  you  should  see  the 
principles  of  this  particular  method. 

First  box  in  the  object  as  shown  in  part  A 
of  figure  2-26.  Then  mark  off  points  on  the 
object  and  draw  horizontal  lines  from  these 
points  to  the  box.  Using  the  diiftensions  of  the 
orthographic  views,  draw  an  isometric  box  as 
shown  in  part  B.  Then  draw  the  cylindrical 
portion  and  the  base  of  the  object.  Next,  as 
'shown  in  part  C,'lay  out  the  isometric  lines 
representing  the  horizontal  lines  drawn  on  the 
orthographic  views.  Use  these  lines  to  locate 
the  two  curves  and  webs.  Complete  this  step 


by  using  your  irregular  curve  to  draw  the  two 
curves  through  the  points  as  shown.  Part  D 
shows  the  finished  drawing. 

Exercises  (225): 

1.  What  does  the  term  isometric  mean? 


2.  For  isometric  projections,  the  object  must 
be  rotated  how  many  degrees  around  its 
horizontal  and  vertical  axes? 


3.  In  all  axonometric  projections,  the  sum  of 
the  angles  formed  by  the  three  axes  is  

4.  In  which  type  of  axonometric  projection 
are  the  three  angles  formed  by  the  axes 
unequal? 


2-4.  Oblique  ProjectionJ^  ' 

The  construction  methods  for  isometric 
and  oblique  drawing  are  similar.  To  simplify 
an  oblique  construction,  choose  as  the  front 
face  the  one  showing  the  most  description  of 
the  object  and  place  it  parallel  to  the  image 
plane.  After  this,  the  drawing  is  made  by  the 
box  construction  method-similar  to 
isometric.  Other  \teps  in  oblique  drawing 
include  skeleton  construction  method,  circle 
and  arcs  not  parallel  with  the  image  plane, 
and  angles." We'll  cover  these  in-order.  6ut 
first  we'll  discuss  foreshortening  of  receding 
lines  and  the  construction  of  oblique  drawing, 
based  upon  cavalier  and  cabinet. 

226.  Given  the  two  different  types  of  oblique 
projections,  define  cavalier  and  cabinet 
drawing: 

Cavalier  and  Cabinet  Types.  Following  are 
the  definitions  for  these  two  particular  types 
of  oblique  projections.  (See  fig.  2-27.) 

•  An  oblique  drawing  is  called  a  cavalier 
when  the  receding  lines  are  true  length. 
(Projectors  at  an  angle  of  45''  with  the  image 
plane.) 

•  An  oblique  drawing  is  called  a  cabinet 
when  the  receding  lines  are  drawn  half  of  true 
length. 

A  projection  which  does  not  fall  into  either 
category  is*  usually  called  just  an  oblique 
projection.  Since  in  the  oblique  projections 
shown  thus  far  the  projectors  have  been  at  an 
angle  of  45**  with  the  image  plane  and  the 
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Figure  2-27.  Variations  in  views  by  angle  of  jrec^ding  axes. 


projected  lines  in  a  cabinet  drawing,  the 
receding'  lines  are  half  of  the  true  lengtb. 
Theoretically,  thii  means  that  the  projectors 
make  an  angle  of  about  63.5''  with  the  image 
plane;  cortsequently,  the  lengths  of  the 
receding  lines  are  foreshortened  to  half  of 
true  length.  However,  well  not  cover  the 
actual  mathematics,  since  the  desired  length 
of  receding  edges  may  be  dravm  by 
measurement. 

Figure  2-28  shows  the  difference  in  the 
apparent  shape  of  a  cube  that  results  by 
foreshortening  the  receding  lines.  Notice  that 
the  receding  lines  of  the  cabinet  drawing  are 
half  the  true  length  of  the  cavalier.  Often  a 
cabinet  drawing  is  preferred  to  ,a  cavalier, 


depending  upon  the  dimensions  of  the  object. 
As  in  the  case  of  the  cube,  the  cabinet 
projection  appears  less  out  of  proportion  than 
the  cavalier. 

Box  construction  method.  The  steps  for 
making  an  ^oblique  drawmg  from  the 
orthographic  views  are  shown  in  figure  2-29. 
Refer  to  the  figure  as  you  check  the  followmg 
steps.  You*ll  see  that  the  pnncipl^s  of  bo^ 
method  in  oblique  and  isometric  drawmg  are 
identical.        '  ' 

a.  As  shown  in  part  A,  construct  the  box 
whose  dimensions  coincide  wtth  those  in  the 
orthographic  drawing.  In  this  case,  the  angle 
chosen  between  the  receding  lines  and, the 
horizontal  is  30"* .  However,  this  angle  may  be 
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Figure  2-28.  Changes  in  appearance  by  foreshortening. 
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Figure  2-29.  Box  construction  method. 


•  45""  -  60"*  or  any  number  of  degrees,  as  noted 
in  the  figure.  Note  that  dimensions  A,  B,  and 
C  are  the  same  as  in  the  orthographic  drawing. 
Since  dimension  C  is  true  length,  the  drawing 
IS  a  cavalier,  (measure  the  dimensions  with 
your  dividers.)  Observe  that  the  box  is 
constructed  by  using  parallel  lines,  as  in 
isometric. 

b.  As  shown  in  part  B,  lay  out  the  various 
shapes  in  detail  in  accordance  with  the 
orthographic  drawing.  Notice*"  that  the  45'' 
sloping  surface  may  be  dra\yn  by  using 
dimensions  D  and  E, 

c.  Make  all  outlines  heavy  as  shown  in  part 
C.  Then  erase  all  construction  lines. 

The  box  method  of  constructing  a  cabinet 
drawing  is  the  same  as  that  of  the  cavalier, 
except  that  the  receding  lines  are 
foreshortened  by  measurement  to  one  half  of 
true  length. 

Skeleton  construction  method.  If  the 
curved  outlines  of  an  object  lie  in  planes  that 
are  panallel  to  the  image  plane,  it  is  not 
difficult  to  make  an  oblique  drawing  on  a 
center-line,  skeleton. 

Often  objects  adaptable  to  oblique 
representation  consist  of  cylindrical  shapes 
built  upon  axes  or  center  lines.  In  such  cases, 
the  oblique  drawing  is  usually  constructed 


upon  the  projected  center  line.  This  method  is 
known  as  skeleton  construction. 

Figure  2-30  illustrates  the  procedure  in 
making  an  oblique  drawing  of  an  object, 
which  is  composed  of  cylindrical  shapes,  from 
the  orthographic  views.  Now  let's  discuss  this 
construction  in  a  logical  sequence. 

a.  ^*irst,  construct  Che  center-line  skeleton 
as  shown  in  part  A  of  the  illustration  using 
the  following  steps. 

(1)  Draw  the  receding  axis  abc  of 
sufficient  length  at  the  desired  angle  with  the 
Horizontal.  (In  this  case,  SO""  is  used.) 

(2)  At  points  a,  b,.  and  c  on  this  receding 
axis,  draw  the  horizontal  and  vertical  center 
lines  to  establish  centers  of  the  correspondiiig 
circular  surfaces.  Observe  that  distance  ab  ir 
part  A  equals  distance  ab  in  the  orthographic 
side  view  and;  likewise,  distance  be  equals  the 
depth  be  in"  the  side  view. ' 

(3)  Draw  perpendiculars  downward  from 
points  b  and  c. 

(4)  Using  the  distance  between  the  centers 
of "  the  circular  surfaces  -in  the  front 
orthographic  'view— or  the  corresponding 
distances  in  the  side  viewMocate  points  d  and 
e  on  the  peirpendiculars. 

(5)  Through  points  d  and  e,  draw  receding 
axis  de,  which  is  parallel  to  receding  axis  abc. 
Notice  that  distances  fac  and  de  on  the 
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receding  axes  are  equal  and  are  the  syaune  as 
depth  be  in  the  orthographic  side  view.  Thus, 
we've  established  the  centers  of  the  circular 
surfaces. 

b.  Part  B  of  figure  2-30  shows  the  method 
of  constructing  on  the  circular  surfaces  and 
the  corresponding  outlines.  The  steps  are  as 
follows: 

(1)  Using  points  a  and  b  as  centers,  draw 
the  two  circles  to  correspond  in  diameter  with 
the  one  representing  the  shaft  in  the 
orthographic.  The  distance  ab  between  the 
two  centers  is  the  length  of  the  cylindrical 
shaft  of  the  object. 

(2)  Using  points  b  and  c  as  centers,  draw 
the  arcs  which  represent  the  rounded  top  of 
the  object 

(3)  WiA  point  d  as  center,  dr^  the  circle 
with  the  same  diameter  as  the  one  in  the 
orthographic.  As  shown  by  tfie  side  view,  this 
is  a  circular  hole  which  extends  through  the 
object. 

(4)  Using  d  and  e  as  centers  and  a  radius 
the  same  as  the  orthographic,  draw  the  two 
arcs  which  represent  the  rounded  bottom  part 
of  the  object. 


(5)  Draw  tangent  lines  between  both  the 
top  and  bottom  arcs  and  the  arcs  with  centers 
a  and  b,  thus  completing  the  contour  of  the 
object. 

(6)  Heavy-in  all  final  lines  and  erase  . 
construction  lines,  as  shown  in  part  C. 

Circles  in  Oblique.  It  is  not  always  possible 
to  place  an  object  so  that  all  its  curved 
surfaces  are  parallel  with  the  image  plane.  In 
such  cases,  a  four-center  approximate  ellipse 
may  be  used  to  represent  circles  which  are  not 
parallel  with  the  image  plane.  However,  this 
method  can  be  used  only  when  the  sides  of 
the  inclosing  parallelogram  are  equal.  In  a 
cabinet-  drawing  or  in  any  oblique  drawing 
where  the  receding  axis  is  foreshortened,  the 
curve  must  be  plotted  by  coordinate  (offset) 
'measurements.  The  principles  used  in'drawmg 
an  ellipse  by  this  method  are  shown  in  figure 
2-31. 

Since  the  ellipse  shown  on  the  receding 
surface  in  figure  2-31  represents  a  circle  on 
the  surface  of  the  object,  the  receding  surface 
is  first  drawn  as  an  orthographic  view.  This 
view  is  then  used  to  establish  coordinate 
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^       Figure  2-30.  Skeleton  construction. 
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Figure  2*31.  Foreshortening  an  ellipse. 


points  which  are  used  to  establish  similar 
points  on  the  receding  surface.  The  ellipse  is 
then  drawn  through  these  established  points. 
The  following  steps  are  used  to  construct  the 
ellipse. 

•  Draw  an  orthographic  view  of  the 
receding  surface  on  a  separate  piece  of  paper 
and  position  it  on  the  front  surface  of  the 
drawing  as  shown  in  the  illustration. 

•  Divide  the  surface  of  the  orthographic 
view  and  the  receding  surface  of  the  drawing 
into  the  same  number  of  equal  vertical 
segments  by  drawing  vertical  coordinate  lines 
as  shown  Mn  the  figure.  As  you  know,  the 
segments  of  the  receding  surface  are  one  half 
the  size  of  the  orthographic  segments. 

•  On  the  orthographic,  draw 'horizontal 
coordinate  lines  through  the  points  at  which 
the  vertical  coordinate  lines  intersect  the 
circle.  Extend  these  lines  to  the  right  edge  of 
the  vi^w. 

•  Draw  receding  lines  from  the  right  ends 
of  the  horizontal  coordinate  lines.  The 
intersections  of  these  receding  lines  and  the 
vertical  coordinate  lines  on  the  receding 
surface  which  correspond  to  the  intersections 
of  the  vertical  coordinate  lines,  horizontal 
cor)rdinat€  lines,  and  the  circle  in  the 
orthographic  view  establish  the  path,  of  the 
ellipse. 

•  Use  arx  irregular  curve  to  draw  the 
finished  ellipse. 

•  Remove  the  orthographic  drawing  and 
erase  all  construction  lines. 


Angles  of  Oblique.  To  draw  an  angle  of  a 
specified  number  of  degrees  on  the  receding 
plane  of  an  oblique  drawing,  you  musftirst 
convert  the  angle  into  linear  measurements. 
For  example,  if  you  are  given  the  dimensions 
and  a  sketch  of  the  pictorial  shown  in  figure 
2-32,  you  must  construct  a  hght  triangle 
whose  dimensions  are  the  same  as  the  given 
angle.  You  can  then  use  the  dimensions  of 
this  triangle  to  obtain  the  correct  dimensions 
of  the  angle  dtx  the  receding  surface.  The 
following  steps  are  used  to  construct  the  30'' 
angle  of  the  receding  surface  of  the  object 
shown  in  figure  2-32. 

•  Construct  the  right  triangle  with  the 
dimension^  XY  and  the  30°  angle.  The 
purpose  of  this  triangle  is  to  establish  the 
length  YZ. 

•  Draw  a  line  representing  the  receding 
axis  of  the  oblique  drawing. 


X 


Figure  2-32.  Angles  in  oblique  projection. 
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•  Mark  off  the  given  dimension  XY  on  this 
receding  line! 

•  Draw  •a  vertical  line  from  point  Y  on  the 
receding  line. 

•  From  the  triangle  drawing,  obtain  the 
dimension  ZY  and  mark  this  distance  off 
along  the  vertical  line,  starting  at  point  Y«, 

•  Draw  a  line  between  points  Z  on  the 
vertical  line  and  point  X  on  the  receding  line. 
This  completes  the  required  an^e. 

•  Complete  the  oblique  by  drawing  the 
two  horizontal  lines  from  points  X  and  Z  by 
marking  off  the  depth  dimension  and  by ' 
drawing  the  sloping  line  parallel  to  Ime  XZ. 


Exercises  (226): 

1.  What  determines  whether  a  drawmg  is  a 
cavalier  or  dabmet  projection? 


2.  Why  is  an  orthographic  view  of  a  circle 
drawn  before  the  ellipse  in  a  cabinet 
drawing? 


3.  To  draw  an  angle  of  specific  size  on  the 
receding  plane,  the  angle  must  be  converted 
into  what  measurement? 
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Sectional  Views 


SECTIONAL  VIEWS  are  used  to  clarify  the 
internal  details  of  an  object  which  can  be- 
represented  only  by  hidden  lines  in  regular 
orthographic  (exterior)  views.  When  the 
internal  deUils  are  complicated,  a  perplexing 
mass  of  hidden  (invisible)  lines  may  be 
required  to  descnbe  the  invisible  features  on 
an  exterior  view.  Whenever  an  illustration 
becomes  so  confused  by  hidden  lines  that  it  is 
difficult  to  read,  it  is  customary  to  draw  one 
or  more  sectional  views. 

A  sectional  view  is  one  obtained  by  imagiag- 
the  object  cut  by  a  cutting  plane  and  a 
portion  moved  so  that  the  internal  details  can 
be  seen  clearly.  Thus,  the  invisible  lines  of  a 
regular  view  become  visible  lines  in  a  sectional 
view.  A  view  may  be  partial  sectional  or  full 
sectional,  ^  depending  up6n  the  particular 
requirement. 

3-1.  Principles  of  Construction 

Since  a  sectional  view  is  obtained  by 
imagining  the  object  to  be  cut  by  a  plane 
passing  through  it  in  a  selected  position  and 
direction,  this  plane  is  called  the  cutting 
plane.  The  purpose  of  the  cutting  plane  is  to 
cut  off  a  portion  of  the  object,  thereby 
exposing  the  internal  features  in  the 
remaining  portion.  The  position  and  direction 
of  the  cutting  plane  are  determined  by  you, 
the  draftsman.  You  must  visualize  the  object 
being  cut  by  the  plane  placed  in  various 
positions,  and  then  select  the  position  which 
adequately  •  exposes  the  desired  internal 
details.  The  pictorial  drawings  in  figure  3-1 
show  an  object  before  and  after  being  cut  by 
a  plane. 

The  orthographic  top  and  front  (exterior) 
views  of  the  object  are  shown  in  part  A  of 
figure  3-1.  Notice  the  hidden  lines  in  the  front 
view  which  are  required  to  show  the  internal 
details.  Part's  shows  the  left. portion  of  the 
object  imagined  to  be  removed  by  the  cutting 
plane,  thereby  exposing  the  interior  features 


10  the  right  portion  which  lies  behind  the 
cutting  plane.  Observe  that  the  hidden  lines  in 
the  orthographic  front  view  are  shown  as  solid 
outlines  in  the  sectional  view.  Notice  how 
much  clearer  the  internal  features  appear  in 
the  sectional  view. 

The  arrow  in  the  pictorial  part  of  figure  3-1 
shows  the  direction  in  which  the  remaining 
portion  of  the  object  is  viewed.  Section  lines 
in  Ahe  sectional  view  represent  the  surface* 
cut  by  the  cutting  plane.  In  this  figure,  the 
)nal  view  is  constructed  by  projecting 
from^^e  top  view  ifh  the  same  way  as  the 
front  ofthographic  view. 

227.  Given    the    principles    of  sectioning, 
identify  the  cutting  plane  and  its  purpose. 

Cutting  Plane  Lines.  A  cutting  plarie  line 
represents  where  a  section  of  the  object  is 
imagined  to  be  removed  by  the  cutting  plane. 
The  cutting  plane  is  indicated  only  in  the  view 
showing  the*  plane  as  a  line;  therefore,  a  ■ 
cutting  plane  line  represents  an  edge  of  the 
cutting  plane.  The  top  edge  of  the  cutting 
plane  is  shown  by  the  cutting  plane  line  in  the 
top  view  of  part  B,  figure  3-1. 

Figure  3-2  shows  three  types  of  cutting 
plane  lines  whose  parts  are  drawn  to 
conventional,  proportions.  The  dimensions 
shown  on. line  AA  are  approximate,  and  may 
be  increased  or  decreased  in  accordance  with 
the  size  of  the  drawing.  All  cutting  plane  lines 
are  weighted  heavily.  .Arrowheads  at  the  ends 
of  any  type  of  cutting  plane  lines  are  used  to 
indicate  the  direction  in  which  the  imaginary 
cut  surface  is  viewed.  Since  the  cutting  plane 
line  represents  the  edge  of  the  plane,  it  is 
apparent  that  the  cut  surface/^  viewed 
through  the  surface  of  the  cutting  plane. 

Lme  AA  represents  the  edge  of  a  cutting 
plane  which  cuts  the  object  into  two  sections, 
either  lengthwise  or  crosswise.  When  an  object 
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.is  cut  in  this  manner,  a  full  sectional  view  is 
obtained. 

Line  BB  represents  the  edges  of  two 
right-angle  cutting  planes  which  cut  a  section 
in  half.  The  view  obtained  is  a  half-section.  In 
a  half-section  view,  one-quarter  of  the  object 
is  imagined  to  be  removed. 

Line  CC  represents  the  edges  of  a  cutting 
plane  which  is  **bent."  In  drawing  an  irregular 
object,  it  is  often  desirable  to  show  several 
features  which  do  not  lie  in  a  straight  line. 
This  is  done  by  '^offsetting"  or  bending  the 


cutting  plane.  The  view  obtained  is  an  offset 
section,  and  the  ''bends*'  may  be  at  any  angle. 

A  cutting  plane  line  may  be  omitted  when 
the  position  of  the  cutting  plane  is  obvious. 
This  practice  is  acceptable  m  the  case  of 
symmetrical  objects,  where  the  cutting  plane 
is  understood  to  pass  through  the  axis. of 
symmetry.  In  brief,  the  cutting  plane  line  may 
be  omitted  unless  it  is  needed  for  clarity. 
However,  if  an  offset  cutting  plane  is  used,  its 
position  must  always  be  shown  by  cutting 
plane  lines. 
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Figur«  3*^>>Cuttin2  plane  lines. 
Exercises  (227): 

1.  What  is  the  purpose  of  a  cutting  plane? 


2.  What  is  indicated  by  arrows  at  the  ends  of 
cutting  plane  lines? 


228.  Given  the  configurations  for  section 
lining,  explain  the  reason  for  general-purpose 
section  lining. 

General-Purpose  Section  Lining.  There  are 
different  types  of  configurations  for  section 
lining  used  to  identify  various'  types  of 
materials.  In  brief,  a  particular  type  of  section 
lining  is  a  symbol  for  a  specific  material. 
However,  the  symbol  for  cast  iron  (see  fig. ' 
3-3)  is  also  the  general-purpose  section  lining 
representation.  It  is  used  when  a  symbolic 
identification  of  the  materials  is  not  required. 
General-purpose  section  lining  may  be  used  to 
represent  a  section  of  any  material,  and  the 
type  of  material  can  be  idenjtified  by  a  note. 

'  Drawing  section  lines,  Sectioh  or 
Crosshatch    lines   are   drawn   to  indicate 


precisely  the  surface  of  the  object  cut  by  the 
cutting  plane.  An  ex^ple  of  drawing 
general-purpose  section  lining  is  shown  in 
figure  3-3.  In  lining,  the  cut  surface  of  a 
sectional  view,  there  is  no  set  rule  governing 
the  angle  of  ttie  section  lines  or  the  spacing 
between  them.  Generally,  the  angle  used  is 
45"*  to  the  horizontal,  and  the  spacing  may 
vary  from  one  thirty -second  of  an  inch  on 
small  views  to  one-eighth  of  an  inch  on  large 
views.  Usually ,  th  ey  are  draw  n  abou  t 
one-sixteenth  of  an  inch  apart.  Althou^  line 
spacing  is  usually  done  by  eye,  extreme  care 
should  be  taken  in  spacing  section  lines 
uniformly,  since  slight  variations  can  be 
readily  noticed.  Section  lining  can  either 
enhance  or  mar  the  appearance  of  an 
otherwise  good  drawing. 

Frequently  the  shape  of  the  part  requires 
that  an  angle  other  than  45''  be  used  for  the 
slope  of  the  lines.  If  section  lines  drawn^ 
45 '  to  the  horizontal  were  parallelor 
perpendicular  (or  nearly  so)  to  a  prominent, 
visible  outline,  the  angle  must  be  changed  to 
30""  -  60**,  or  any  appropriate  angle.  Figure 
3-4  shows  a  view  in  which  a  30"*  angle  is  used 
more  satisfactorily  than  a  45''  angle.  You 
must  choose  the  angle  which  will  give  the  best 
effect  for  a  particular  view. 

Section  lining  in  assembly  drawings.  In 
addition  to  showing  the  cut  surfaces,  sectional 
views  are  used  to  distinguish  individual  parts 
of  an  assembly.  This  is  done  by  drawing 
section  lines  sloping  in  different  directions,  as 
shown  in  part  A  of  figure  3-5.  When 
necessary,  **odd"  angles  may  be  used.  Section 
lines  in  a  small  area  are  more  closely  spaced, 
as  shown.  Notice  that  the  section  lines  in 
adjacent  areas  do  not  meet  at  the  visible 
outlines  separating  the  areas.  You  must  be 
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Figure  3-3.  Section  Iine«. 
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Figure  3-4.  Angles  of  slope  for  section  lines. 


careful  in  drawing  section  lines  in  assembly 
views  so  that  the  section  lines  do  not  meet.  If 
section  lines  meet,  an  optical  Ulusion  of 
bending  outward  or  inward  may  result.  You 
can  see  this  by  comparing  the  two  views  in 
part  B  of  figure  3-5. 

Views  not  requiring  section  lining.  When 
the  cutting  plane  passes  through  the 
longitudinal  (lengthwise)  axis  of  solid  parts, 
such  as  rivets,  bolts,  dnd  screws,  it  is  common 
practice  to  show  them  uncut  by  the  plane. 
This  practice  is  shown  bV  the  rivets  in  part  A 
of  figure  3-6.  Notice  that  the  elimination  of 
section  lines  in  the  rivets  gives  better  contrast 
between  adjoining  parts.  (The  elimination  of 
section  lines  is  a  part  of  conventional 
violations,  which  are  covered  a  little  later  in 
Section  3/Conventional  Methods.) 

In  sectioning  comparatively  thin  parts,  such 
as  gaskets,  sheet  metal,  shims,  etc.,  the  edges 
are  shown  by  black  solid  lines.  This  practice  is 
shown  by  the  gasket  in  part  A  of  figure  3-6. 
Assemblies  of  structural  parts,  such  as  angles, 
channels,  and  plates,  are  sliown  with  the 
adjoining  pieces  separated  to  distinguish  the 
individual  parts.  This  practice  is  illustrated  in 
part  B  of  figure  3-6.  Often  the  drawing  is 
reduced  to  a  small  scale. 

Combining  Basic  Principles.  The  cutting 
plane  line  in  the  orthographic  front  view  (fig. 
3-7)  shows^the  position  of  the  imaginary 
cutting  plane,  and  the  arrowheads  indicate  the 
direction  from  which  th6  internal  features  of 
the  object  are  viewed  through  the  plane.  The 
internal  features  exposed  by  the  cutting  plane 
are  shown  in  the  sectional  side  view. 

Notice  that  the  brass  portion,  which  has  a 
cylindrical  hole  centered  around  its 
longitudinal  axis,  is  separated  from  the  steel 
plates  by  shims  andlsecured  by  two  screws. 
Even  thou^  the  shims  and  screws  are  cut  Ijy 
the  plane,,  they  are  shown  as  being  uncut  by 
'  onii^ion  o'f  jieclion  lines.  As  ^  We  stated 
previously,  the  edges  of  thin  parts  are  shown 
by  black  solid  lines;  and  rivets,  screws,  bolts, 
etc.,  are  shown  with  more  contrast  when 
shown  uncut  by  the  pjane.  (The 
representation  of  screw  threads  is  presented  in 
the  next  volume.)  The  screwhead  slots  in  the 


sectional  view  are  another  conventional 
violation.  Since  the  sectional  view  is  rotated 
90''  from  the  orthographic  view,  these  slots 
normally  do  not  show.  However,  it  is  good 
practice  to  use  variations  from  true  projection 
if  the  drawing  is  made  easier  to  read. 

Exercises  (228): 

1.  At  what  angle  should  section  lines  be 
drawn?" 


2.  Why  are  section  lines  in  adjacent  areas 
drawn  at  different  angles? 
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Figure  3-5.    Slope  ot    section    lines   in  assembly 
drawing. 
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Figure  3-6.  Method  of  showing  solid  parts  and  thin 
materials. 


3.  Why  is  it  a  common  practice  when  a 
cutting  plane  passes  through  a  rivet,  bolt, 
or  screw,  to  show  them  uncut? 


3-2.  Types  of  Sections  and  Methods 
ofbe&tioning 
When  a  \utting  plane  cuts  an  object 
lengthwise,  the  sectional  view  is  called  a 
longitudinal  /view.  When  an  object  is  cut 
crosswise,  tfte  sectional  view  is  called  a 
cross'section/view.  In  general,  sectional  views 
are  furthej/  designated  according  to  the 
percent  T^^ount)  of  a  section  shown  and  by 


the  position  in  which  a  view  is  placed.  For 
instance,  the  terms  **full."  "half.''  and 
**broken  sections"  indicate  the  percent;  while 
**revolved;*  **removed,"  etc..  indicate  position 
or  location.  You,  the  draftsman,  must 
determine  which  type  of  sectional  view  to 
use. 

229.  Identify   the  types  and  methods  of 
sectioning. 

Full  SecQon.  A  cutting  plane  that  passes 
entirely  through  an  object  cuts  a  full  section, 
as  shown  in  figure  3-1.  A  fuU-sectional  view, 
showing' the  characteristic  shape  of  an  object, 
usually  replaces  an  exterior  front  view. 
However,  either  the  top  or  side  may  be 
converted  into  a  sectional  view  if  some 
internal  features  can  be  shown  to  better 
advantage.  Generally,  the  cutting  plane  passes 
along  a  main  axis,  but  it  may\±)€  offset  to 
reveal  important  features.  As  you  can  see  by 
examining  figure  3-1,  a  full-sectional  view  is 
actually  an  orthc^raphic  projection  in  which 
the  cutting  plane  passes  along  a  main  axis. 
The  imaginary  cut  face  of  the  object  is  shown 
as  it  would  appear  to  an  observer  looking 
directly  at  it  from  an  infinite  distance. 

The  full-sectional  view  is  used  for  objects 
which  have  complex  interiors.  It  shows  the 
interior  of  the  object. from  one  side  to^e 
other;  it  does  not  show  exterior  details.  All 
visible  lines  which  lie  behind  the  cutting  plane 
are  shown,  and  the  surfaces  cut  by  the  planer" 
are  lined  or  crosshatched.  In  a  fuU  or  any 
sectional  view,  it  is  customary  to  omit  a^^ 
hidden  lines  unless  such  lines  are  necessary  to 
clarify  the  representation.  Since  this  view 


ORTHOGRAPHIC  ^^^^'^^ 
Figure  3-7.  Section  view  with  symbolic  section  lining. 
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doesn't  show  external  features,  an  additional 
view  is  often  necessary. 

Half  Section.  A  half-sectional  view  of  a 
symmetrical  object  shows  both  internal  and 
external  features.  This  view  is  obtained  by 
cutting  the  object  with  aright-angular  cutting 
plane.  As  shown  in  figure  3-8,  the  plane  passes 
halfway  through  the  object;  that  is,  the  plane 
extends  to  the  object's  axis  or  center  line, 
resulting  in  the  removal  of 'one-quarter  of  the 
object.  Consequently,  one-half  the  complete 
view  appears  sectional  and  the  other  half 
appears  external. 

The  cutting  plane  lines  in  the  top  view  of 
figure  3-8  show  that  the  third  quadtant  is 
removed.  Thus,  the  internal  features  of  the 
second  quadrant  are  shown  in  the  sectional 
half  of  the  complete  view.  Although  a  Center 
line  is  shown  separating  the  internal  and 
external  portions  of  the  view,  a  solid  line 
(outline)  may  be  used.  Hidden  lines  are  not^ 
shown  in  the  external  portion,  since  it  is*" 
common  practice  to  omit  them  unless  they 
are  absolutely  necessary  for  dimensioning 
purposes  or  for  explaining  the  construction. 

Offset  Section.  An  offset  section  is  a 
full-sectional  view  in  which  the  cutting  plane 
is  bent  or  **offset'*  (usually  at  90**  intervals), 
as  shown  in  figure  3-9.  This  method  is  used  in 
sectioning  through  irregular  objects.  The 
pictorial  drawing  in  part  A  shows  the  offset? 
cutting  plane,  and  the  orthographic  top  view 
bhows  the  cutting  plane  lines.  Part  B  shows 
the  pictorial  view  obtained  when  the  front 
portion  of  the  object  is  imagined  to  be 
removed,  and  the  full*S(ectional  view  which  is 
projected.  Careful  examination  of  this 
illustration  will  show  you  that  an  offset 
cutting  plane  is  necessary  to  obtain  the 
sectional  view  shown. 

Broken-Out  Section.  Sometimes,  only  a 
partial  section  of  a  view  is  sufficient  to  expose 
interior  details.  This  kind  of  section  (see  fig. 
3-10)  is  made  as  if  a  piece  were  broken  from 
the  object,  leaving  an  irregular  line  at  the 
junction  of  the  sectioned  and  unsectioned 
parts.  Notice  in  the  figure  that  the  internal 
features  and  types  of  material  are  shown  by 
breaking  out  the  area  indicated  by  the 
irregular  lines.  When  it  is  possible  to  use  a 
partial  section,  external  details  are  affected 
very  little. 

Resolved  Secti9ns.  The  cross  section  of  a 
part  may  be  shown  in  the  longitudinal  view 
by  means  of  a  revolved  section.  Such  a  section 
IS  'made  by  assuming  a  cutting  plane 
perpendicular  to  the  axis  or  center  line  of  the 


Figure  3-8.  Half  section. 


part,  and  then  revolving  the  plane  90''  around 
an  axis  which  is  perpendicular  to  the  center 
line  (see  fig.  3-ll).cPart  A  of  figure  3-11 
shows  th(e  plane,  which  is  perpendicular  to  the 
center  line,  cutting  the  part  crosswise.  Part  B 
shows  Jthe  plane  revolved  90"*  around  the 
vertical  axis  until  the  crqss  section  is  parallel 
with  the  center  line.  Nbtice,  m  part  C,  that 
the  revolved  section  is  superimposed  on  the 
external,  view  and  that  one  of  the  original 
viable  outlines  covered  by  the  revolved 
section  is  removed.  Further,  smce  the 
revolved  section  is  superimposed  on  the 
original  view,  any  line  of  the  object 
interfering  with  the  revolved  section  may  be 
broken,  as  shown  in  part  D. 

The  true  shape  and  size  of  a  revolved 
section  must  be  maintained  after  revolving  the 
cutting  plane,  regardless  of  the  direction  of 
the  lines.  Compare  the  two  drawings  in  part  A 
of  figure  3-12;  you  can  see  the  error  in  shape 
of  the  revolved  section  in  the  incorrect 
drawing.  Also,  there  is  another  error  shown  in 
the  incorrect  drawing.  The  visible  outlines 
covered  by  the  revolved  section  should  be 
■  removed  as  shown  in  the  correct  drawing.  In 
part  B,  notice  that  the  two  revolved  sections 
are  necessary  to  show  the  construction  of  the 
spoke  and  the  groove  when  just  the  front  view 
is  used. 

Removed  Sections.  A  removed  or  detailed 
section  is  drawn  similar  to  a  revolved  section* 
with  these  exceptions: 

•  Instead  of  being  superimposc^d  on  the 

'  \ 
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Figure  3-9.  Offiet  section. 


external  view,  the  section  is  removed  and  may 
be  shown  adjacent  to  the  external  view,  as 
shown  in  part  A  of  figure  3-13. 

•  It  may  be  entirely  separated  from  the 
external  view,  as  shown  in  part  B. 

Regardless  of  the  location  of  a  removed 


Figure  3'10.  Broken-out  or  partial  section. 


section,  it  should  be  identified  with  the 
respective  cutting  plane  with  letters. 

A  removed  section  may  be  drawn  to  an 
enlarged  scale  to  show  internal  details  more 
clearly,  and  it' is  easily  dimensioned  when 
sufficient  space  is  allowed,  as  shown  in  part  B. 

Removed  sections  located  adjacent  to 
cutting  planes.  Note  Ithat  adjacent  sections 
B-B  and  CC  (part  A,  fig.  3-13)  are  positioned 
with  their  center  lines  aligned  with  the 
respective  cutting  plane  lines  BE  and  CC.  As 
with  revolved  sections,  the  cutting  plane 
arrowhead  indicates  the  direction  of  sight  to 
the  imaginary  exposed  cross  section,  and  the 
"section  lineS  identify  the  material.  As  you  can 
see,  a  removed  section  is  placed  so  that  it  does 
not  line  up  in  projection  with  any  view,  as  the 
revolved  section  does. 
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Removed  section  separated  from  external 
view.  In  part  B  of  figure  3-13,  section  A-A  is 
shown  enlarged  and  located  on  a  different- 
sheet.  When  a  section  is  placed  on  a  different 
sheet,  it  must  be  cross-referenced  in  a  manner 
like  that  shown  in  the  illustration.  (For 
explanatory  purposes,  part  A  of  figure  3-13  is 
•  assumed  to  be  sheet  2  and  part  B  is  sheet  4.) 
Whenever  possible,  removed  sections  should 
be  on  the  same  sheet  with  the  regular  view. 
That  is,  section  A-A  could  be  placed  in  some 
position  on  the  sheet  represented  by  part  A. 
When  n  section,  placed  in  any  location,  is 
enlarged,  the  scale  is  indicated  as  shown  on 
the  illustration. 

Alternate  method.  Sometimes  removed 
sections  are  placed  on  center  lines  extended 
from  the  section  cuts.  This  method  is  shown 
in  figure  3-14.  , 

Phantom  >Section.  A  phantom  section  is 
made  by  imagining  the  object  to  be  cut  by  a 
plane  but  noti  removing  the  part  in  front  of 
the  cutting  /plane.  That  is,  the  internal 
features  which  would  be  exposed  by  removing 
the  part  in  front  of  the  cutting  plane  are 


superimposed  on  the  external  view. 
ConsequenUy,  the  internal  construction  of  a 
part  can'^be  shown  without  disturbmg  its 
relationship  with  the  exterior  front  part, 
•which  remains  in  place.  In  a  phantom  section, 
broken  section  lines  are  used  to  show  the 
imaginary  cut  surfaces;  likewise,  the  mterna^ 
object  outlines  which  would  show  as  solid 
lines  if  the  front  part  of  the  object  were 
removed  are  shown  by  hidden  lines. 

Figure  3-15  is  a  phantom  section  of  the 
object  shown  in  figure  34.  Compare  these 
illustrations.  Notice  in  the  phantom  section 
that  the  section  lines  are  broken  to  show  that 
the  cut  surface  is  superimposed  on  the 
external  view  and  that  the  internal  object 
lines  are  represented  by  hidden  lines  because 
the  front  part  of  tKe  object  is  not  removed. 

Outline  sectioning.  It  is  permissible  to 
section-line  large  areas,  as  shown  in  figure 
3-16.  Notice  that  the  section  hnes  are  drawn 
from  the  visible  outlines  of  the  cut  portion  of 
the  object  and  are  extended  only  a  short 
distance  over  the  cut  surface.  This  practice 
eliminates  an  overly  shaded  appearance. 
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Figure  3-11.  Revolved  section. 
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Figure  3-12.  Drawing  techniques  and  typical  us«  of 
revolved  sections.  ' 
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Figure  3-13.  Removed  sections. 
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Exercises  (229): 

1.  A    full-sectional    view   may    replace  an 

'   front  view. 

2.  When   are   hidden    lines   omitted    in  a 
full-sectionaJ  view? 


3.  How  much  of  the  object  is  imagmed  to  be 
removed  fof  a  half-s'ectionaJ  vie^? 


\.  What  IS  an  offset  section? 


5,  Why  and  when  is  a  broken-out  section 
used? 


231  ^-Z 


Figure  3-14.  Removed  sections  on  center  hpes. 
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FIgura  3-1 5.  Phantom  section.  , 


6.  When  a  removed  section  is  enlarged,  what 
information  must  be  shown  on  the 
illustration? 

7.  In  which  types  of  sectional^  view.are  both 
internal  and*  external  features  of  the  object 
shown?  -  * 


drawings  more  understandable  without 
sacrificing  accuracy.  Several  conventional 
violations  or  variations  from  true  projection 
practices  are  covered  in  this  section. 

230.  Given  the  procedures  for  conventional 
methods,  explain  conventional  violations. 

Align^'section.  If  an  unbalanced  sectional 
view  is  the  result  of  a  true  projection  drawing,- 
a  so-called  aligned  section  is  used.  Symmetry 
is    obtained    by    showing  unsymmetrical 
features  as  'if  they  were  aligned*  into  one 
plane.  This  is  done  by  passing  an  imaginary 
offset  cutting  plane  through  the  object  and 
then  revolving  an  unsymmetrical  portion  until 
it  is  symmetrical.  Figure  3-i7  -^ows  the 
principle  of  revolution,  although  It  does  not 
show  a  sectional  view.  Part  A  show§  the  true 
front  projection  of  the  top  view,  and  part  B 
shows  the  conventional  method.  Notice  that 
the  angled  portion  of  the  object  appears 
foreshortened     in    the  ^e  projection. 
However,    when    the    sloping  •  portion  is 
imagined  to  be  revolved  ur»ii4ts  longitudinal 
^is  *  coinci4es  with  the  horizontal  axis,  as. 
shown  by  the  arrow,  it  projects  true  length  as 
in  part  B. 


3-3.  Conventional  Methods 

Occasionally,  some  of  the  strict  rules  of 
projection  are  violated  in  sectioned 
representation.  In  drafting,  my.  approved 
•variation  from  true  projection,  is /known  as 
conventional  violation.  These  variations, 
sometimes  called  conventional  methods  or 
practices,    simplify    drafting    and  make 


Figurt  3-16.  Outline'sectiof^ing. 
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CONVENTIONAL  METHOD 
Figure  3-17.  Revolved  view.' 
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3-18.  Aligned  secti^. 


The  application  of  revolution  to  sectional 
views  IS  shown  in  figure  3-JL8.  In  part  A,  the 
offset  cutting  plane  line,  AA,  is  bent  in  orcjer 
to  pass  through  the  angled  features  of  the 
object.  The  angled  part  of  the  cutting  plane 
and  feature'are  then  imagined  to  be  revolved 
until  the  angled  part  of  the  cutting  plane  is' 
aligned  with  the  other  part  of  the  cutting 
plane  as  shown.  Or,  you  may  assume  that  the 
plane  is  in  the  aligned  position,  and  then 
imagine  the  angled  feature  to  be  revolved  into  . 
•  the  plane.  In  either  case,  the  revolution 
permits  the  portions  of  the  object  behind, the 
cuttfng  plane  to  be  projected  symmetrically 
and  of  true  size  in  the  sectional  side  view  A- A. 

When  there  are  an  odd  number  of  holes  in  a 
circular*  object,  as  in  part  B  of  figure  3-18, 
they  should  b||^igned  in  the  sectional  view  in 
^  order  to  show  their  exact  location  with 
reference  to  the  circumference  ana  center  of 
the  object.  Notice,  as  before,  that  the  angled 
part  of  the  offset  cutting  plane  line,  AA,  .and 
the  cut  portion  of  the  hole  are  imagined  to  be 
revolved  until  the  two  parts  of  the  cutting 
plane  are  aligned.  Thus,  the  true  radial 
distance  of  the  holes  relative  to  the" 
cirtiimference  and  center  are  shown  in  the 
sectigrial  side  view,  A-A.  You  can  see  that,  if 
the  anglfed  part  of  the  cutting  plane  were  not 
/evolved,  only  the  top  hole  would  project  true 
radial  distance  frojn  the  center  and 
^circumference  in  the  sectional  view.   .  ^ 
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Figure  3'19  Convention*!  presentation  of  spoket. 
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Figure  3*20.  Conventional  presentation  of  webs  or 
rib 


^  Spokes,  webs,  or  ribs.  Several  conventional 
violations  or  methods  are  shown  by  the  wheel 
in  figure  3-19.  The  spoke  is  shown  revolved  in 
the  front  view  so  that  it  projects  true  length 
in  the  conventional  method.  If  the  spoke  were 
not  revolved,  it  would  project  foreshortened 
as  shown  in  the  true  projection.  Now,  notice 
that  the  spokes  in  the  conventional  method 
are  not  section-lined  even  though  the  cutting 
plane-passes  through them,  as  is  the  case  with 
small  solid  parts  such  as  rivets,^  screws,  and 
shafts.  This  is  done  to  distinguish  the  spoke 
%  more  clearly  from  other  parts^f^the  wheel. 

(The  shape  and  internal  features  of  the 
spoke  are  shown  by  the  revolved  section  in 
.the  front  view  (fig.  3-19).  This  section  is 
sectioned-lined  because  the  cutting  plane  (not 
shown)  passes  crosswise  through  a  rib,,  web,  or 
any  thin  member,vjthe  member  should  be 
sectioned  lined. 

When  an  object  has  a  web  (or  rib)  cut  by  a 
cutting  plane,  the  web  is  aot  section-lined  as 
it  would  be  in  a  true  sectional  view.  Figure 
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.Figure  3-21.  Conventional  breaks. 
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3-20  shows  this  type  of  presentation.  Note 
that  the  webs  a/e  not  section-liried  in  the 
conventional  method  of  representation,  even 
though  the  plane  cuts  the  webs  longitudinally. 
In  a  true  projection,  the  webs  would  be 
section-lined,  and  the  object,  would  appear 
solid  in  th^'  sectional  view.  Co'nsequently,  by 
using  the  conventional  method  (conventional 
violation),  the  sectional  view  is  not 
misleading. 

Conventional  Breaks.  When  drawing  a 
uniform  object  whose  length  is  long  in 
comparison  with  its  diameter,  the  drawing 
may  be  made  to  a  larger  scale  by  breaking  out 
a  portion  so  tifiat  the  ends  can  be  placed  closer 
together  (length 'shortened).  This  pnnciple  is 
shown  in  figure  3-21,  which  illustrates  the  use 
of  a  conventional  break  for  drawing  a  2-foot 
rod  whose  diameter  is  1  inch.  Notice  that, 
when  the  rod  is  shown  one-eighth  size,  its 
length  measures  3  inches  in  the  drawipg  and 
its  diameter  one-eighth  mch.  However,  by 
breaking  out  a  portion  and  drawing  the  rod 
one-half  size,  the  diameter  is  shown  one-half 
inch.  Accordingly,  the  1-inch  threads  of  the 
rod  are  shown  one-half  inch  in  the  broken-out 
drawing.  »You  can  see  that,  by  use  of  a 
conventional  break,  the  small  features  of  long, 
-uniform  objects (such  as  bars,  rods,  and 
tubes)  can  be  clearly 'shown. 
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Figure  3-22.  Application  of  a  conventvonal  break. 
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A  conventional  breajc  indicates  that  the 
length  of  a  part  is  not  drawn  to  scale. 
However,  the  actual  length  is 'indicated  by 
dimensioning,  as  shown  in  figure  3-21. 

The  conventional  breaks  shown  in  figure 
3-22  are  designed  to  give  a  fairly  accurate 
representation  of  'the  cross-sectional  features 
of  the  part,  in  addition  to  the  usage  just 
explained.  Breaks  may  be  drawn  freehand  or 
with  drawing  tools,  depending  upon  the  size*. 
However,  •  breaks  for  wood  sections  should 
always  be  drawn  freehand.  Breaks  should  be 
located  at  a  point  on  the  object  where  the 
cross-s^ctional  shape  is  constant^  since  it 
would  be  confusing  to  break  the  length  at  a 
point  where  a  changeln  shape  occurs. 

Notice  that  a  revolved  section  may  be  used 
'  in  conjunction  with  a  break  to  reveal  the 
internal  features  accurately,  but  a  revolved 
section  does  not  represent  a  break  in  the 
object.  It  is  common  practice  to  draw  a 
revolved  section  when  the  scale  of  the 
drawing  is  increased  by  use  of  a  break. 


Exercises  (230): 

1.  Explain  a  conventional  violation, 


2>  In  figure  3-21  if  the  conventional'  method 
were  not  used,  the  true  length  of  the 
sloping  portion  of  the  object  would  be 
shown  only  ia  the  . 

3.  What  is  the  purpose  of  revolving  the  cutting 
plane  in  part  B  of  figure  3-18? 
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Figure  3*23.  Auxiliary  plane  pocition. 


4.  What  is  indicated  by  a  conventional  break? 


5.  What  determines  where  a  drawing  may  be 
broken?  . 


3-4.  Auxiliary  Views 

On  many  objects,  there  are  surfaces  and^ 
lines  which  do  not  show  in  true  size  and  shape 
because  they  are  not  parallel  to  any  one  of 
the  regular  projection  planes.  To  build  an 
object,  the  builjler  must  know  the  true 
lengths  of  all  lines,  the  true  sizes  and  shapes 
of  all  planes,  and^  in  some  cases,  the  true  size 
of  the  angle  between  intersectipg  planes. 
When  the^  conditions  are  not  shown  in 
regular  top,  front,  ajid  side  views,  additional 
planes  of  projection  must  be  set  up  to  show 
views  giving  the  needed  information.  These 
additional  planes  are  called  auxiliary  planes, 
<jand  the  views  are  called  auxiliary  views.  Ifi^ 
thj^  section,  we'll  discuss  the  gl|^-box 
method  for  explanatory  purposes  aM  then 
cover  the  meth  od  more  gsnerally 
used— sometimes  called  the  customary 
riiethod  of  projection. 

231.  Given  the  procedure,  identify  the 
methods  of  projection  and  classification  of 
auxiliary  views, 

Glass-Box  Method.  Figure  3-23  shows  an 
object  with  an  inclined  face  inclosed  in  a  glass  . 
box.  Notice  that  the  auxiliary  plane, is  parallel 
with  the  inclined  face.  Therefore,  the 
projection  of  the  inclined  face  on  this  plane  is 
true  size  and. shape.  Using  the  same  method  of 
opening  the  glass  box  as  shown  in  figure  3-24, 
the  various  planes  are  hinged  around  the  front 
plane  and  are  rotated  until  they  coincide  (lie 
in  the  same  plane)  with  the  front  plane.  The 
result  of  this  rotation  is  shown  in  figure'^-24. 

Although  the  glass-box  method  is  rather 
cumbersome  and  ^Idom  used,  it  shows  the 
principles  of  auxiliary  views.  Now  well 
discuss  the  customary  method  of  projection. 

Custoniary  Projection  Method.  In  this 
method,  you  asisume  a  plane  which  either 
coincides  with  or  is  parallel  with  a  selected 
surface  of  the  object.  In  either  case,  that 
portion  of  the  object  projected  upon  this 
plane  is  shown  on  the  drawing.  This  statement 
applies  to  ^l  types  of  orthographic 
projection,  including  auxiliary  projection. 
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Classification  of  Auxiliary  Views.  Auxiliary 
views  fall  into  three,  general  categories:  a 
single  or  primary  auxiliary  view,^a^  partial 
auxiliary^ view,  and  a  complete  auxiliary  view. 
Let's  discuss  them  in  this  order. 

Single  or  primary  auxiliary  uiews.  Tliese 
views  may  be  subdivided  into  front  auxiliary 
view,  plan  or  top  auxiliarj^  view,  and  side  or 
end  auxiliary  view^.  'A  single  or  primary 
auxiliary  view  is  obtained  by  projecting  from 
a  principal  view  of  the  object,  in  which  the 
inclined  surface  of  the  view  appears  as'a  line' 
or  edge.  Figure  3-26  shows  the  auxiliary  view 
projected  from  the.  front  view.  Since  the 
projection  is  from  the  front  view,  it  is  a  front 
auxiliary  view.  The  principles  of  projecting 
auxiliary  views  from  the  plan  or  top  view  and 
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Figur©  3*24.  Complete  auxiliary. 

Figure  3-25  shows  the  projected  top  v^w 
and  front  view  of  the  object  shown  in  the 
pictorial  drawing-  It  is '^apparent  that  an 
auxiliary  view  is  necessary  to  show  the 
"  slanting  surface  in  true  «ize  and  shape.  This 
auxiliary  view  is  drawn  as  if  w,e  were  vi'ewing 
the  surface  in  a  direction  perpendicular  to  the 
inclined  face,  as  shown  .by  the  arrow. 
'  To  obtain  the  tme  size  and  shape  view, 
imagine  a  plane  placed  so  that  it  is  parallel  to 
the  inclined  face.^otice  that  the  referelice 
line  represents  the  e^e  view  of  the  reference 
(auxiliary)  plane.  SinOie  the  reference  line  is 
parallel  with  the  edge  olS^e  inclined  surface, 
the  reference  plane  is  parallel  with  the 
iriclin^d  surface.  Consequently,  the  inclined 
surface  projected  on  this  plane  is  true  size  and 
shape. 

Figure  3-26  shows  the  reference  plane 
rotated  to  coincide  with  the  plane  of  the 
front  elevation-  Notice  that  the  plane  is 
rotated,  about  the  reference  line— the  . 
reference  line  (edge  of  plane)  remains  in  the 
same  position  as  it  is  in  figure  3-25. 

On  the  imaginary  auxiliary  plane,  reference 
lines  can  be  placed  at  any  logical  distance 
from  the  inclined  surface  of  the  object.  If  the 
object  is  nonsymmetrical,  such  as  the  one 
shown  thus  far,  the  reference  line  represents 
the  edge  of  the  auxiliary  plane.  This  line  is 
called  a  nonsymmetrical  reference  line. 
,  H<>wever,  if  the  face  of  the  object  is  such  that 
the  auxiliary  view  will  .be  symmetrical,  the 
reference  line  is  the  line V  symmetry.  In  this 
case,  the  line  is  called  a  symmetrical  reference 
line,  and  it  lies  between  and  is  parallel  with 
edges^f  the  auxiliary  plane. 


REFERENCE 
PLAICE 


PLAN  OR 
TOP  VIEW 


DIRECTION  OF  SIGHT 
TO  OBTAIN  TRUE 
SIZE  OF  SLOPING 
SURFACE 


FRONT  VIEW 
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REFERENCE  LINE 
(EDGE  VIEW  OF 
REFERENCE  PLANE) 


Figure  3-^5.  Object  with  inclined  face  in  glass  box. 
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'WNT  VIEW  .  REFERENCE  pCahE 

(coiMaoes  with  plane  of 

•    ■     ^  .  FRONT  VIEW)  ' 


Figure  3-26.  Open  gla5S  box  showing  auxiliary  plane 
position. 


the  side  or  ^nd  view  are  the  same  as  from  the 
front  view. 

Partial  auxiliary  views.  Since  figure  3-26 
shows  only  the  inclined  face  of  the  object,  it 
represents  a  partial  Auxiliary  view.  Since 
partial  auxiliary  views  are  the  most  commonly 
used,  in  the  next  section  well  present  the 
principles  of  drawing  them. 

Complete  auxiliary  views.  Occasionally;  it 
may  be  necessary  to  indicate  how  the  entire 
object  appears  when  the  inclined  face  is 
shown  in  true  size  and  shape.  A  complete 
auxiliary  view  is  shown  in  figure  3-27.  Notice 
that  sloping  (^ge  ab  projects  true  length  as 
shown  by  a  b',  but  edge  be  is  foreshortei;ied  as 
shown  by  b'c'.  This  is  because  the  plane  in- 
which  be  lies  is  nit  parallel  with  the  auxiliary 
plane.  Compare  other  dimensions  in  the  same 
manner.  ^-'-'■^•^ 

Now  let's  cover  the  basic  methods  of 
drawing  nonsymmetrical  and  symmetrical 
partial  views. 

Partial  Auxiliary  View  Drawing  of 
Nonsymmetrical  Object  In  making  a  partial 
auxiliary  view  of  a^  nonsymmetrical^  object, 
the  first  step  is  to  draw  a  reference  line  that  is 
parallel  to  the  line  which  is  the  edge  of  the 
inclined  surface  (see  fig.  3-25).  Since  this 
reference  line  is  the  ^ge  of  the  auxiliary 
plane,  this  plane  is  imagined  as  being  parallel 
with  the  incljned  surface..  Hence,  any  line 
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which  lies  on  the  auxiliary  plane  will  also  be 
parallel  with  the  inclined  surface. 
^  Next,  draw  light  projection  lines  at  right 
angles  from  all  points  on  the  inclined  surface 
(see  fig.  3-26)  to  the  reference  line.  Then  lay 
'off  along  these  projection  lines  the 
perpendicular  distances  from  the  near  edge  of 
the  surface  as  shown  in  the  plan  view.  In  this 
case>  there  are  three  lirfes,  lines  1-2,  3-4,  and 
5-6,^  in  the^plan  view,  which  show  as  l'-2', 
3  -4  ,  and  5' -6'  in  the  auxiliary  view.  Notice 
that  lines  1-2,  3-4,  and  5-6  are  equal  in  length 
to  lines  3'-4',  and  5' -6;  respectively.  As 
you  can  the  length  of  thfi  reference  line  i^  ^ 
the  samelss^the  inclined  surface  of  the  front 
^ew.  Furthermore,  notice  thact  lines  2'-4'  and 
3^-6    are   not    the    same   length   as  the 

,  corresponding  lines  in  either  the  plan  view  or 
the  front  view,  because  now  th6y  are  shown 

^  in  true  length. 

Remember  that  the  auxiliary  plane  is 
imagined  to  be  hinged'  to  the  plane  to  which  it 
is  perpendicular  and  is  revolved  into  the  plane 
of  the  paper,  as  shown  in  figure' 3-24. 

Drawing  a  Partial  SymmetricaltAuxiliary 
View.  Often  it  may  be  advantageous  to 
^position  the  reference  plane  through  the 
center  of  the  object.  If  the  object  is 
symmetrical,  the  construction  is  not  difficult 
if  the  reference  line  is  used  as  a  center-line 
axis.  Figure  3-28  shows. a  symmetrical  curve 


Figure  3-27.  Object  requiring  auxilitry  view. 
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Figure  3-28.  Symmetrical  auxiliary  view 


plotted  on  a  reference  line  which  is  a 
center-line  axis.  The  partial  auxiliary  view  is 
constructed  by  locating  a  series  of  spaced 
points  along  the  curve  by  projecting  lines 
determined  by  points  established  on  the  top 
view.  Notice  that  the  top  or  plan  view  shows 
the  diarneter  of  the  circular  cylinder,  and  the 
front  view  shows  the  slope  and  length  of  the 
inclined  portion  of  the  cylinder. 

In  constructing  the  auxiliary  view  of  the 
inclined  surface,  draw  reference  (center)  lin^ 
R'L  pazallel  to  the  inclined  surface  and  at 
any  convenient  distance  from  the  surface;  and 
draw  reference  line  RL  in  the  top-  view 
through  the  center  of  the  circle,  as  shown  in 
figure  3-28.  Next,  draw  some*  vertical  lines 
which  are  perpendicular  to  the  reference  or 
center-line  RL  (top  view)  to  intersect  'the 
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inclined  face,  and  extend  them  upward  to 
intersect  the  upper  portion'  of  the  circle 
circumference.  For  example,  line  1-2  in  the 
top  view  intersects  inclined  edge  XY  at  point 
B.  The  other  points  on  line  XY  are  established 
in  the  same  manner.  Then  from  point  B,draw 
line  EC  parallel  with  lines  XR'  ,and  YL'. 
(Lines  XR'  and  YL'  are  pei^pendicular'^o  the 
inclined  edge  XY.)  Continue  this  procedure 
by  drawing  the  parallel  lines  from  the  other 
points  located  on  the  mclined  edge,  as  shown 
in  figure  3-28. 

Now,  notice  that  points  !  and  2  in  the  top 
view  are  equidistant  from  the  center  line; 
consequently,  the  length  HI  is  equal  to  the 
length  H2.  Since  this  is  also  true  of  pointy  3 
and  4^  5  and  6.  etc..  we  can  locate  points  on  * 
the  curve  in  the  auxiliary  viow.  On  hru'  Br. 


mark  x)ff  H'l'  equal  to  Hi  and  H'2'  equal  lo 
H2.  so  that  points  T  and  2'  are  equidistant 
from  lefereijco  line  R'L'.  These  two  points  T 
and  2'  are  points  on  the  ellipse  of  the 
auxihary  view.  Rep^^at  this^  operation  until 
sufficient  points  are  estabhshed  for  drawing 
the  elhpse  through  them,  using  an  irregular 
curve. 

You  can  see  that  if  mpre  points  are  located 
on  the  inclin^ed  Mine,  more  points  Can  be 
established  on  the  ellipse  and,  consequently,  a 
smoother  curve  may  be  drawn. 


Exercises  (231): 

1.  When  is  an  auxiliary'  view  required? 


2.  Is  an  auxiliary  plane  of  a  glass  box  rotated 
in  the  same  manner  as  the  other  planes? 


3.  If  an  auxiliary  view  is  symmetrical,  the 
reference  line  is  on  the  of  
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CHAPTER  4 


Dimensioning 


IN  ADDITION  to  the  complete  shape 
description  of  an  object,  a  drawing  must  give 
the  complete  size  and  location  description; 
that  is,  it  must  be  dimensioned.  A  properly 
dimensioned  drawing  must  show  extension 
lines  and  dimension  lines  terminated  by 
arrowheads,  easily  read  numerals  indicating 
size,  fini^  marks,  and  notes  with  or  without 
leaders.  From  a  drawing  with*  these  dimension 
standards,  a  machinist  can  rnak^  parts  ^at  fit 
properly  when  assembled.  Dimensions  are 
givert  as  linear  distances,  angles,  or  notes. 
Learning  to  dimension  consists  of  three  major 
factors: 

•  You  hiust  learn  the  techniques-  of 
dimensioning,  and  know  such' things  as  the 
character  of  the  lines  used,  the  spacing  of 
dimensions,  and  the  making  of  arrowheads. 

•  You  must  learn  the  rules  of  dimension 
placement  on  a  drawing  to  assure  logical  and 
practical     arrangement     with     maximum  j 
legibility. 

•  You  also  must  learn  how  to  choose. 
These  choices  'jure  based  on  the  function  of 
the  part  and  the  manufacturing  process.  ^ 

4-1.  Dimension  Elements  ' 

The  two  basic  methods  used'  to  give  a 
distance  on  a^  drawing  are  a  dimension  and  a 
note.  A  dimension  is  used  to  give  a  distance 
between  two  points,  lines,  planes,  or 
combinations  of  points,  lines,  or  planes. 

232.  Given  the  basic  elements  of 
dimensioning,  list  and  explain  the  elements 
used* 

Typical  dimensions  are  shown  in  foldout  2. 
Refer  to  this  illustration  as  you  read  the 
following  description  ,of  the  dimension 
elements. 

Notes.  This  method  of  distance  description 
(see  the  local  note,  item  1,  at  the  top  of 
foldcAit  and  the  general  nm^Tltem  2,  at  the 
left  center  of  the  foldout)  provfdes  k  means  of  ^ 
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giving  explanatory  information  along  with  a 
sjize  dimension.  The  leader  and  arrowhead  of,  a 
local  note  refer  to  the  word  statement  of  the 
note  to  the  proper  feature  of  the  drawing. 
Notes  applying  to  the  object  as  a  whole 
(general  note)  are  given  without  leaders. 
These  general  notes  are  placed  in  some 
convenient  place  on  the  drawing. 

Lines  Used  in  Dimensioning.  Extension 
lines,  dimension  lines,  and  leaders  are  thin 
solid  lines  placed  on  the  drawing  for 
dimensioning  purposes.  They  are  made  the 
same  thickness  as  center  lines  so  that  they 
contrast  with  the  heavier  outlines  of  the 
object.  Refer  to  foldout  2  as  you  read  the 
following  characteristics  of  each  line. 

Extension  line.  An  extension  line  (item  3) 
extends  from  view  to  the  dimension 
outside  the  view.  Extension  lines  ^tart  about 
one-sixteenth  of  an  inch  from  the  outline  of 
fehe  object  and  extend  about  one-eighth  of  an 
inch  beyond  the  last  dimension  line.  As 
shown  in  the  upper-left  portion  of  foldout  2, 
outlines  and  extended  center  lines  may  be 
used  as  extension  lines,  fr*^ 

Dimension  line.  A  c^imension  line  (item  4) 
is  a  thin,  solid  line  terminated  at  each  end  by 
arrowheads.  It  indicates  the  direction  and 
extent  of  the  dimension.  A  numerical  value 
placed  along  the  dimension  line  specifies  the 
number  of  units  indicated.  Wh^  the  numerals 
are  in  a  single  line,  the  dimension  line  is 
usually  broken-  near  the  center,  and  ^the 
numerals  are  placed  in  the  open  sp>ace.  When 
the  numerals  are  in  two  lines,  the  dimension 
line  is  not  broken,  and  one  line  of  numerals  is 
placed  above  the  dimension  line  and  the  other 
j^elow. 

Leader^  A  leader  (item  5)  is  a  thin,  straight 
line  that^  begins  at  a  dimensior\  or  note 
and  terminated  in  an  arrowhead  at  the 
point  on  the  drawing  to  which  the  dimension 
or  note  refers.^  The  note  end  of  a  leader 
usually  termmates  with  a  short  horizontal  bar 
at  Xhe  mid-height  of  the  lettering  at  either  the 
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Figure  4*1.  Arrowheads. 

•  *  ^ 

beginning  or  ending  of  the  note.  Leaders  that 
end  at  circles  or  arcs  are  drawn  as  radial  lines; 
that  is,  if  extended,  they  would  pass  through 
the  center. 

Arrowheads  The  pointing  ends  of  leaders 
and  both  ends  ^of  dimension  lines  are 
terminated  with  arrowheads  (item  6).  Draw 
these  pointing  symbols  freehand.  Use  either 
one  stroke  or  two  strokes  to  form  the  point. 
Then  complete  the  shape  by  drawing  a  line 
apross  the  open  end.  If  you  use  the  one-stroke 
onethod  to  form  the  point,  make  the  stroke 
toward  the  point  and  then  away  from  it.  If 
you  use  two  strokes,  make  both  strokes 
toward  the  point.  After-'completing  the  shape 
of  the  arrowhead,  fill  in  the  center. 

Figure  4-1  shows  the  two  common  sKapes 
of  arrowheads.  One  h^  curved  sides;  ther 
other  has  straight  sides.  Notice  the  proportion 
of  th^ength'to  the  width.  The  length  of  the 
arrowhead  with  curved  sides  is  three  times  the 
width.  Straight-sided  arrowheads  are  longer 
and  narrower  and  are  mkde  with  a^broader 
stroke,  which  produces  4  blunter  point  The 
two  small  arrowheads  cJn  the  right  indicate 
the  normal  size  used  on  small  drawings.  These 
are  approximately  one-efghth  of  an  inch  long. 
For  large  glrawings,  arrowheads  may  be  as 
long  as  three-sixteenths  of  an  inch. 

Dimensions.  Since  the  numerical  value  or 
'dimension  (item  7,  FO  2)  is  the  most 
important  element  of  dimensioning,  the  - 
nurnerals  must  be  carefully  lettered.  Either  a 
vertical  or  an  inclined  style  can  be  used. 
One-eighth  of  an  inch  for  small  drawings  and 
five  thirty-seconds  of  an  inch  for  larger 
drawings  are  good  general  sizes. 

Comrr\on  frdSfibns.  As  shown  in  figure  4-2, 
a  dimension  may  consist  of  whole  number^, 
fractions,  feet  and  inches,  or  decimals.  When 
common  fractions  are  used,  the-fraction  bar  is 
placed  parallel  with  the  guide  lines,  and  the 
numerator  and  denominator  -  |ure  made' 
somewhat  smaller  than  the  whole  number  so 
that  the  total  height  of  the  fraction  is  twice 
that  of  the  whole  number.  The  numerals  do 
not  touch  the  fraction  bar.  Notice  that  when 
the  dimension  occupies  the  open  space  of  a 
dimension  line,  the  fraction  bar  is  aligned 
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with  the  dimension  line,  but  the  two  do  not 
touch.  The  three  presentations  at  the  right  of 
the  top  row  show  the  different  ways  to  place 
the  dimension  when  the  space  is  limited.  In 
one  method  you  place  the  dimension  figure 
between  the  extension  lines  and  the 
dunensiqn  lines  on  the  outside  pointing 
toward  the  figure.  When  the  space  is  too  small 
to  allow  enough  room  for  a  figure,  the 
dimension  may  be  placed  as  in  the  two 
presentations  on  the  right. 

Feet  and  inches.  Dimensions  in  feet  and 
inches  are  represented  with  the  symbols  (') 
and  (  ),  as  shown  in  the  center  row  of  figure 
4-2.  When  the  dimension  is  in  evenVfeet,  such 
as  6  fed^^tfid  no  inches,  the  dimension  is 
'  written  as  6'  0''.  When  a  dimension  is  in  feet 
and  a  fraction  of  an  inch,  a  zero  is  used 'in" 
front  of  the  faction;  for  example,  6'  OVi". 
When  the  dimension  is  all  in  inches,  the  inch 
mark  is  usually  omitted  from  all  dimensions 
'>and  notes  unless  there  is  some  possibility  of 
misunderstanding.  For  example,  a  note 
consisting  of  1  DRILL  would  be  written  as  1" 
DRILL  so  that  it  would  not  be  interpreted  as 
**drill  one  hole." 

On  Air  Force  machine  drawings,  if  no  foot 
or  inch  marks  appear,  the  dimension  values 
indicate  inches,  unless  a  different  unit  of 
measurement  is  indioated  hy  a  general  note. 
Parts  of  inches  are  given  as  common  fractions 
or  decimal  fractions.  Thre^e  different  systems 
are  used. 

Systems  of  writing  dimension  values.  When 
the  smallest  fraction  of  a  dimension  is 
one-sixty-fourth  or  an  inch  or  greater,  the 
common- fraction  system  is  generally  used. 
With  this  system  all  dimension  values  are 
written  as  units  and^conjmon  fractions.  The 
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Figure  4-2.  Dimensioning  method. 
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common  fractions  used  are  ^h,  V4,  Vs,  V16, 
V32 ,  V64 ,  and  the  appropri^/te  multiples  of 
these  fractions.  Values  oontaining  these  frac- 
tions can  be  laid  out  with  a  steel  tape  or  with 
a  scale  graduated  in  sixty -fourths  of  an  inch. 

The  common- fraction,  decimal-fraction 
system  is  used  principally  in  machine  drawing 
whenever,  the  degree  of  precision  required 
calls  for  fractions  of  an  inch  which  are  smaller 
than  those  on  the  ordinary  steel  scale.  The 
method  used  is  as  follows:  (1)  Give  values  in 
units  and  common  fractions  for  distances  not 
requiring  an  accuracy  closer:  than  one 
sb^ty-fourth  inch,  and  (2)  give  values,  in  units 
and  decimal  fractions  for  distances  requiring 
greater  precision.  The  decimal  fractions  are 
given  to  as  many  decimal  places  as  needed  for 
the  degree  of  precision  required.  In  any  case, 
the  decimal  point  is^made  somewhat  larger 
than  is  normal  so  that  its  position  will  not 
likely  be  misinterpreted.  ^ 

The  complete  decimal  system  uses 
two-place  decimal  fractions  exclusively  for  all 
dimension  values.  The  digits  after^.the  decimal 
point  are  preferably  written  to  even  fiftieths, 
such  as  .02,  .04,  .06,  etc. /so  that  when  ^ 
halved,  as  for  radii,  etc.,  the  resulting  figures 
are  two-place  decimals.  Writing  the  values  in 
even  fiftieths  allows  the  use  of  scales  divided 
in  fiftieths,  which  are  much  easier  to  read 
than  scales  divided  in  hundredths. 

Dimension  values  for  distances  requiring 
greater  precision  than  that  expressed  by  the 
two-place  decimal  are  written  to  three,  four, 
or  more  decimal  places  as  needed  for 
precision. 

When  decimal  equivalents  are  used  for 
common  fractions,  some  of  them  come  out  to 
a  greater  number  of  decimal  ^  places 
(significant  digits)  than  i^  necessary  or 
desirable  for  use  as  a  dimension  value.  In  such 
cases,  the  decinial  should  be  adjusted  or 
rounded  off  to  a  smaller  number  of  decimal 
places.  The  following  procedure  is 
recommended: 

a.  When  the  figure  beyond  the  last  figure 
to  be  retained  is  less  than  5,  the  last  figure 
retained  should  not  be  changed.  For  exaipple, 
3.14162  when  rounded  *  off  to  four  places 
becomes  3.1416. 

b.  When  the  figure  beyond  the  last  figure 
to  be  retained  is  more  than  5,  the  last  figure 
retained  is  increased  by  1.  For  example, 
1.6875  becomes  1.69  when  rounded  to  two 
places. 

c.  When  the  fi^re  beyond  the  last  place  to 
be  retained  is  exactly  5  with  only  zeros 
following,  the  preceding  number,  if  even,  is 
left  unchanged;  if  odd,  it  is  increased  by  1. 


For  example,  1.8125  becomes  1.812  and 
1.6875  becomes  1.688  when  rounded  off  to 
three  places. 

Finish  rjxark,  A  finish  mark  (item  8»  FO  2) 
indicates  that  a  certain  surface  of  a  metal  part 
must  be  finished  in  some  manner.  That  is,  the 
surface  must  be  changed  by  some  process, 
such  as  machining,  dnlling,  fUmg,  or  grmding. 
When  the  part  is  to  be  machined  from  rolled 
stock,  finish  marks  are  not  required,  because 
it  is  understood  that  all  surfaces  are  finished. 
Neither  are  finish  marks  necessary  on  drilled, 
reamed,  or  counterbored  holes,  or  on  similar 
machined  features  when  the^  machining 
process  is  specified  by  a  note.  ^ 

The  symbol  used  as  a  finish  mark  is  a  60^  V 
whose  point  touches  the  line  representing  the 
edge  view  of  the  finished  surface.  The  sides  of 
the  symbol  also  form  60""  angles  with  the  line 
representing  the  surface.  Finish  marks '  are 
placed  on  the  **air  side''  (no  material  side)  of 
the  line.  They  are  placed  on  all  views  in  which 
the  surface  to  be  machined  appears  as  a  line. 
If  the  part  is  to  be  machined  on  all  surfaces, 
the  note  "FINISH  ALL  OVER"  is  used,  and 
the  marks  are  omitted  from  the  views. 

Exercises  (232): 

1.3y  what  two  methods  may  a  distance  be 
given  in  a  drawing? 


2.  List    and    identify    the   lines    used  in 
dimensioning. 


3.  What  is  the  length  of  an  arrowhead? 


4.  Why  place  a  finish  mark  on  a  drawing? 


4-2.  Techniques  of  Dimensioning 

Any  object  can  be  broken  down  into  a 
cotnbination  of  basic  geometric  shapes  or 
forms.  These.^  forms  are  usually  pnsms, 
cylinders,  pyramids,  and  cones.  Any  form 
may  be  positive  or  negative,  in  the  sense  that 
a  steel  shaft  is  a  positive  cyhnder  and  a  round 
hole  is  a  negative  cylinder.  This  feature  of 
breaking  down  an  object  into  simple  > 
geometric  forms  is  the  basis  of  dimensioning. 
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Figure  4-3.  Dimensioning  geometric  shapes. 

The  complete  description  of  an  object 
consi§U.iifgiving  the  shape,  size,  and  location 
dl  thK  object's  basic  forms.  The^ 
dimensions  must  show  the  size  of  each 
geometric  forrrt  and  the  relative  location  of  all 
forms.  Knowiilg  how  to  dimension  simple 
geometric  forras  is  essential  to  describing  any 
obiect. 

233.  Given  th?  techniques  Okf  dimensioning, 
identify  the  size,  location,  and  standard 
dimensioning  features. 

Size  Dimensioning*  Since  every  solid  has 
three  dimensions;  each  of  the  geometric  forms 


which  make  up  the  object  must  have  its 
height,  width,  and  depth  indicated  in  the 
dimensioning.  These  distance  values  are  called 
size  dimensions.  Refer  to  figure  4-3  as  you 
read  the  following  information  on 
dimensioning  simple  geometric  forms. 

Pmm,  The  prism  is  'the  most  common 
shape  found  in  objects.  Square,  rectangle,  ox 
triangular  prisms  require  three  dimensions. 
The  method  of  dimensioning  a  rectangular 
prism  is  shown  in  the  illustration.  The  letter 
"S**  in.^the  illustration  indicates  that  this  is  a 
size*  dimension.  Notice  that  the  dimensions 
are  placed  between  the  views,  gince  two  views 
(the  top  and  front  views)  are  all  that  are 
necessary  to  adequately  describe  this 
particular  prism,  the  depth  dimension  can 
refer  to  the  top  view  and  be  in  line  with  the 
height  dimension,  thus  eliminating  the  need 
for  the  side  view.  For  regular  hexagonal  or 
octagonal  types  of  prisms,  usually  only  two 
dimensions  are  given:  the  length  and  either 
the  distance  across  the  comers  or  the  distance 
across  the  flats* 

Pyramid.  Right  pyramids  are  dimensioned 
by  giving  the  dimensions  of  the  base  and  the 
altitude.  Right  pyramids  are  often  frustums 
(portion  of  a  pyramid  with  the  pointed 
section  removed)  which  require  dimension  of 
both  bases* 

,  Cylinder,  A  cylinder  is  the  nex^  most 
common  geometric  form.  It  obviously 
requires  only  two  dimensions:  length  and 
diameter.  The  general  method  of 
dimensioning  a  cylinder  \s\  to  give  both  its 
diameter  and  its  length  in  the  fefctangular- 
view.  If  clearness  is  gained,  a.  diagonal 
diameter  may  be  used  in  tHe  view  that  shows 
the  cylinder  as  a  circle*  The  ^se'  of  several 
diagonal  diameters  is  usually  confusing  and 
should  seldom  be  used.  The  radius  of  a 
cylinder  is  never  given,  since  measuring  tools, 
such  as  the  micrometer  caliper,  are  designed 
to  check  diameters.  Small  cylindrical  holes, 
such  a*^  drilled,  reamed,  ox  bored  holes,  are 
usually  dimensioned  by  means  of  notes 
specifying  the  diameter  and  the  depth,  along 
with  the  required  shop  operation. 

The  top  view  of  the  cylinder  shown  in 
figure  4-3  would  be  unhecessary  if  the 
dimension  of  the.  hole  were  placed  on  the 
rectangular  view  in  the  same  position  as  the 
corresponding  dimension  on  the  vie\v  *of  the 
cone  below.  However,  the  dimension  in  this 
position  would  not  indicate  a  diameter.  In 
such  cases  where  it  is  not  clear  from  the  view, 
that  a  dimension  indicates  a  diameter,  the 
abbreviation  **DIA"  or  **D'*  is  given  after  the 
dimension  figure. 


78 


9 

Figure  4-^4.  Dimensioning  circles  and  arcs. 


Cone.  Right  cones  are  dimensioned  by 
giving  the  altitude  and  the  dieimeter  of  the 
base.  They  usually  occur  as  frustums  which 
require  dimensions  of  height  and  both 
diameters.  Oblique  cones  are  dim,ensioned  in^ 
the  same  way  as  ri^t  cones  but  with  an 
additional  dimension  parallel  to  the  base  to 
give  the  offset  of  the  verte^ 

Sphere.  A  sphere  is  dimiensioned  by  giving 
the  diameter  and  adding  the  abbreviation 
**SPHER."  Fi^re  4-3  also  shows  how  a  flat 
surface  on  a  sphere  is  dimensioned. 

Toru$^   This    dou^  nut-shaped    form  is 
,  dimensioned  by  giving  its  outside  diameter 
afid  its  thickness.  As  you  can  see  in  the  figure, 
both  of  thesie  dimensions  are  given  on  the^ 
front  view.         -  ' 

Location   Dimensioning.  In   addition*  to 
(Jimensioning  the  basic  geortietric  shapes  .for* 
size,  you  must  give. dimensions  which  will- 
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Figure  4-5. ^Dimensioning  compound  circular  curves.. 
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position  each  form  in  relation  to  the  other. 
Establish  the  location  or  position  in  height, 
width,  and  depth  directions.  .  Locate 
rectangular  shapes  with  reference  to  their 
faces  and  cylindrical  and  conic  shapes  with 
refereivce  to  their  center  4ines  and  ftieir  bases. 

Particular  care  must  be  exercised  in  the 
selection  and  placing  of  location  dimensions, 
because  upon  them  depend  the  accuracy  of 
the  operations  in  makmg  a  piece  and  the 
proper  mating  of  a  piece  with  other  parts.  To 
select 'location  dimensions  intelligently,  you 
must  first  determine  the  contact  surfaces, 
finished  surfaces,  and  center  lines  of  the  basic 
geometric  forms  and,  with  the  accuracy 
demanded  and  the  method  ot  production  in 
mind,  decide  from  what  other  surface  or 
center  line  each  should  be  located.  Mating 
location  dimensions  must  be  given  from  the 
same  center  line  or  finished  surface  on  both 
parts.  Location  dimensions  may  be  from 
center  to  center,  surface  to  center,  or  surface 
to  surface. 

Dimensioning  Standard  Features.  Many 
basic  shapes  occur  so  often  in  mechanical 
parts  that  they  can  be  considered  as  standard 
features.  As  such,  they  deserve  special 
dimensioning  consideration.  The  standard 
features  include  circles  and  arcs,  curves,  , 
angles,  chamfers,  tapers,  holes,  countersinks, 
counterbores,  spotfaces,  and  shapes  with 
rounded  ends.  ' 

Circles  and  arcs.  ''The  methods  of 
dimensioning  circles  and  arcs  are  shown  m 
figure  4-4.  For  a  circle  the  diameter  is  the 
essential  dimension.  When^^a  series  of 
concentric  circles  are  dimensioned  or^  their 
circular  view,  the  dimension  values  should, 
always  read  from  the  same  direc tio n ,  if 
possible.  * 

Arcs  are  dinjensioned  by  giving  tbe  radius 
on  the  view  that  shows  the  true  shape  of  t^e 
curve.  TJie  dirfiension  line  'iqr  the  radius  is  .< 
always  drawn  as 'a  radial  line  and  at  an  angle 


Figure  4-6  Drtnensionmg  irregular  curves. 
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Figure  4-7.  Dimemioning  angles. 


with  the  horizontal.. A  radial  dimension* line 
should   never    be   drawn  horizontally  or 
vertically.  A  small  cross  is  used  to  mkrk  the 
center.    The    numerical   value  'is  usually 
followed    by    the   letter  "R,"  designating, 
radius.  If  the  size  of  the  racjius'and  the  space « 
foT  the  value  permit,  both  the  .dimension  line 
and  the  value  are  placed  inside  the  arc.  If  the, 
space  for  the  value  is  llpaited,  the  line  may  be 
placed  anside  and  the  value  outside.  For  ve^y 
srnall  'arcs,. both,  the*  line  antf  value  may  be': 
placed  outside  the  arc. 

When  ^he  center  of  an  arc  lies  outside' the 
limits  of  the  drawing,  move  the  center  closer 
along  the  center  line  of  the  arc,  and  jog  the 
dimension  line  t^neet  the  new  center.  Dfaw"^ 
the  portion  of  tM%imension  line  adjacent  to 
the  arc  as  a  radial  line  of  the  true  center. 

Curvei  Dimension  a  compound  curve 
composed  of  circular  arcs  by  giving  the  radii 
of  these  arcs  and  the  location  of  their  centers, 
as  shown  in  figure  4-5.  An  important 
consideration  of  this  type  of  curve  is  the 
termination  of  each  arc.  For  this  particular 
curve,  the  arcs  adjacent  ia  each  other 
termmate  at  the  intersection  of  the  curve  and 
a  line  drawn  through  their  centers. 

Dimension  curves  are  those  for  which  great 
accuracy  ^  is  not  retiuired  by  offset  or 
coordinate  points  on  the  curves,  as  shown  in 
(igyte  4-6.  For  greater  accuracy,  dimension 
prbm  datum  features.  If  the  curve  in  figure  4-6 
w^ere  dimensioned  by  the  datum  system,  each 


horizontal  dimension  would  be  measured 
from  the  right  vertical  edge,  and'  the  vertical 
dimensions  would  be  measured  from  the 
bottom  edge.  Thus,  each  dimension  would  be 
independent  of  the  others  and  would  be  more 
accurate. 

Angles.  The  dimension  line  for  an  angle  is  a 
circular  arc  with  its  center  at  the  intersection 
of  the  sides  of  the  angle.  Four  different 
methods  of  dimensioning  angles  are  shown  at 
the  top  of  figure  4-7.  The  dimension  value  is 
usually  placed  horizontally,  as  shown  in  the 
three  examples  on  the  left.  OccasioilaUy,  the 
value  is  aligned  with  the  dimension  arc,  as 
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Figure  4-8.  DimenUoning  chimfen. 
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Figure  4*9.  Dimensioning  tapers. 

shown  on  the  right.  As  you  can  see,  this 
system  requires  a  large  angle.  A  typical 
applicatipn  of  angle  dimensioning  is  shown  at 
the  bottom  of  the  figure. 

The  space  available  determines  the  position 
of  the  dimension  value  and  dimension  arc. 
When  there  is  enough  space,  both  value  and 
arc  are  placed  inside  the  two  sides.  When  the 
space  is  limited,  the  value  may  be  placed 
inside  and  the  arcs  outside,  or  both  may  be 
pladed  outside. 

Chamfers.  These  are  beveled  external  or 
internal  edges.  The  45°  chamfers  are 
dimensioned  as  shown  in  figure  4-8  at  (A)  and 
(B)  or  by  a  note,  such  as  chamfer  %  x  45°. ^If 
the  chamfer  angle  is  other  tfian  45°,  it  is 
dimensioned  as  at  (C)  of  figure  4^8. 

Tapen.  A  taper  is  a  conical  surface  of  a 
shaft  or  a  hole.  The  method  of  dimensioning 
tapers  depends  on  the  method  of  manufacture 
and  the  accuracy  required.  If  the  specification 
calls  for  a  standard  taper,  the  dimension 
indicates  one  diameter  and  the  length.  The 
general  method  shows  the  diameters  of  both 
ends  and  the  taper  per  foot.  An  alternate 
method  is  shown  in  figure  4-9.  This  method 
gives  one  diameter,  the  length,  and  the  taper 
per  foot.  The  taper  per  foot  is  defined  as  the 


difference  in, diameter  in  inches  for  one  foot 
-of  length. 

Holes,  Drilled,  reamed,  bored,  punched,  or* 
cored  holes  are  usually  dimensioned  by  note, 
giving  the  diameter,  operation,*  and  depth  if 
required.  The  order  of  items  in  a  note 
corresponds  to  the  order  of  procedure  in  the 
shop  in  producing  the  hole.  A  typical  note  is 
as  follows: 

DRILL  %  DP  •  2  HOLES  ' 

Two  or  more  holes  of  the  same  dmmeter  are^ 
dimensioned  by  a  single  note  with  the  leader 
pointing  to  one  of  the  holes.  The  leader 
generally  points  to  the  circular  view  of  the 
hole.  It  is  placed  on  the  rectangular  view  only 
when  it  promotes  clearness. 

Figure  4-1 0  shows  three  methods  of 
dimensioning  the  depth  of  a  hole.  Shown  at  A 
is  the  method  used  when  the  depth  of  the 
hole  is  not  important  to  the  functioning  of 
the  part.  When  the  clearance  at  the  bottom  of 
the  hole  is  important,  use  the  dimension 
method  shown  at  B.  When  the  depth  of  the 
hole  is  important  to  the  functioning  of  the 
part,  dimension  the  hole  as  shown  at  C. 

Measure  the  location  dimensions  for  holes" 
from  a  finished  surface  used  as  a  datum  plane, 
br  from  an  important  center  or^center  line. 
Dimension  holes  equally  spaced  about  a 
^common  center  by  giving  the  diameter 
(diagonally)  of  the  circle  of  ce^rs  • 
(commonly  called  the  bolt  circle)  ancP^by 
specifying  ^'EQUALLY  SPACED"  on  the 
note.       *  .   ^  '  , 

Locate  holes  which  are  unequally  spaced 
about  a  common  center  by  means  of  the  two 


Kigure  4-10.  Dimensioning  h^s. 
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Figure  4*1 1.  Two  methods  of  dimensioning  iioies. 


methods  shown  m  figure  4-11.  Locate  them 
by  means  of  the  bolt  circle  diameter  plus 
angular  oieasurements  \vith  reference  io^  only 
one  of,  the  center  lines,  as  shown  by  the 
illustration  on  the  right.  Where  greater 
accuracy  is  required,  give  rectangular  or 
coordir>ate  dimensions.  This  method  is  shown 
on  the  left.  When  using,  rectangular 
dimension,  mark  the  diameter  of  the  bolt 
circle  "REF"  to  indicate  that  it  is  to  be  used 
as  a  reference  dimension.  Reference 
dimensions  are  given  for  information  only. 
They  are  not  intended  to  be  measured  and  do 
not  govern  the  shop  operation. 

The  two  small  holes  in  foldout  2  are  on  a 
common  center  line.  In  such  cases,  one 
dimension  locates  one^  hole  from  the  center 
line  of  the  part;  the  other  gives  .th^  distance 
between  the  holes.  Note  the  omission  of  a 
dimension  between  the"  center  line  and'  the 
lower  hole.  This  method  le^  used  when  (as  is 
usually  the  case)  the  distance  between  the 
holes  IS  the  impocjtant  consideration.  When 
the  relation  between  the  center  line  and  each 
of  the  small  holeS  is  more  important,  the 
dimension  is  included  between  the  center  line 
and  both  holes,  and  .the  overall  dimension  is 
marked  "REF." 

Holes  may  be  located  by  giving  dimensions 
from  a  base  line  or  datum^^{|fien  all  ifoles^e 
located  from  a  common  oSfcum,  the  sequence 
of  measuring  and  machining  operations  is 
controlled,  overall  ^toleranc^  accumulations 
are  avoided,  and  proper  functioning  of  the 
finished  part  is  assured.  The  datum  surfaces 


selected  must  be  more  accurate  than  .that 
required  of  any  measurement  made  from 
them,  must  be  accessible  during  manufacture, 
and  must  be  arranged  so  as  to  facilitate  tool 
^  and  fixture  design.  It  may  be  necessary  to 
specify  accuracy  of  the  datum  surfaces  in 
.  such  terms  as  ".straightness,"  "roundness," 


and  "flatness." 

Countersink^. 
depression  at 
accommodate 


A  countersink  .is  a  conical 
the    top    of    a    hole  to 

   „     the     head  \,of    a  screw. 

Countersinks  are  dinftnsloned  as  shown  in 
figure  4-1 2.^, The  linear  dimension  indicates 
the  distance  across  the  top  of  the  countersink. 
The  dimensions  of  the^v^t,^  bolt,  screw,  or 
other  device  to  be  inserted  in  the  countersink 
fletermine  the  angle  of  its  conical  sides.       »  ' 

Counterbore.  The  counterbore  is  *^ 
enlarge'ment  of  the  end  of  a  drilled  hole.  It  is 
cylindricarin  shape  and  deep  enough  to  allow 
a  specific  clearance.  ^Each  counterbore  is 
dimensioned  by  a  note  with  the  abbreviation 
"C  BORE,"  a  leader^  the  diameter,  and  the 
depth  of  the  bore.  The  two  methods  of 
dimensioning  a  counterbore  are  shown  in 
figure  4-13,  , 

Spotface.  A  spotface  is  a  machined  area 
around  a  hole  to  permrt  accurate  seating  of  a 
bolthead,  washer,  or  nut.  A  spotface  is 
specified  by  a  leader  from  a  notejMurrying  the 
abbreviation  '*SJR"  and  giving  the'^iameter  of 
the  ^spotface.  Tnis  leader-note  combination  is 
usually  grouped  with  the  leader  and  note 
giving  the  diameter  of  the  hole,  as  shown  in 
figure  4-14. 
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Shapes  with  rounded  ends.  Methods  of 
dimensioning  shapes  with  rounded  ends 
depend  upon  the  degree  of  accuracy  required,. 
When  extreme  accuracy  is  required,  the 
methods  shown  in  figure  4-15  are 
recommended.  The  top  illustration  shows  the 
dimensioning  required  for  a  rounded-end  slot, 
and  the  bottom  illustration  shows  the 
dimensioning  required  for  a  rounded-end  link. 
Overall  lengths'  of  rounded-end  shapes  are 
given  in  each  example.  The  width  of  the  sldt 
and  *  the  link  are  given  and  the  r^dii  are 
indicated,  but  without  specific  values.  In 
dimensioning  the  link,  the  center-to-center 
^distance  is  required  becajase  it  is  necessary  to 
locate  the  holes  accurately:     ^  ^ 

.  When  precision  is  not  necessary,  the  two 
parts  may  be  dimensioned  by  giving  the 
distance  between  the  centers,  the  width,  and 
the  radius  of  the  rounded  end  .of  each*shape. 
Of  course,  the  diameter  of  the  holes  in  the 
link  must  also  be  given.  " 

Exercises  (233):,  \ 

1.  What  is  meant  by  size  dimensioning? 


^  DRILL  T^RU  ^ 
CSK  82*TO^  +  g-^0lA 


(A) 
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2.  What  is  the  most  common  shape  found  in 
objects? 


3.  Identify  a  right  cone,  a  frustum  of  cone, 
and  an  oblique  cone. 


4,  What  is  meant  by  location  dimensioning? 


SECTION      A-A  2J/'/^0 
Figure  4-12.  Di.mensioning  coQntersinks. 


5.  List  the  shapes  that  are  considered  standard 
features. 


4*3.  Dimensioning  Practices 

C  With  clarity  the  important  consideration, 
thejce  are  many  dimensioning  practices  or 
prin^ples,  some  with  the  force  of  a  rule,  that 
must  be  iwed  in  dimensioning  drawing.  Most 
of  these  practices  are  concerned  with  the 
placement  of  dimension  eleipents  and  the 
procedure  for  dimensioning.  \ 


234.  Given  the  procedures  for  dimensioning 
practices,  explain  placement  and  ^order  of 
dimensioning  elements. 

Placement  of  Dimensions.  In  addition  to 
the  methods  of  dimensioning  basic  geometric 
forms  and  shapes  that  we  have  already 
discussed;  the  following  principles  or  rules 
apply  to  good  dimensioning. 

a.  Place  dimensions  between  views 
whenever  possible  (see  fig.  4-16).  If  this  is  not 
possible,  the  next  best  position  is  on  the 
outside  of  the  views.  When  it  is  impossible  to 
use  either  of  these  two  positions,  place  the 
dimensions  on  the  views  themselves.  I?  you 
place  the  dimension  on  the  surface  of  a 
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Figure  4'13.  Dimensioning  counterbores. 


sectional  view,  omit  the  section  lining  around 
the  numbers, 

6.  Dimensions  must  read  from  the  bottom 
and  right  side  of  the  sheet  of  paper  unless  the 
unidirectional  system  of  dimensioning  is  used. 
This  means  that  the  dimensions  are  placed  in 


the  position  shown  in  figure  4-16.  As  you  can 
see,  the  horizontal  dimensions  run  from  left 
to  right,  and  the  vertical  dimensions  run 
upward.  In  the  unidirectional  system,  all 
dimensions  are  placed  horizontally. 

c.  Without  •  duplicating     or  •  crowding. 


DRILL 


231-122 

Figure  4- r4.  Dimensioning  spotfaces. 
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Figure  4*15.  Dimensioning  parts  with  rojiinded  ends. 
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Fi^re  4-16.  Dimensioning  placement. 


indicate  as  many  dimensions  practicable  on 
th^  principal  view;  that  is,  the  view  which  best 
shows  the  characteristic  contour  of  the 
object.  This  rule  is  demonstrated  in  figure 
4-16,  where  width  dimension  is  placed  on  the 
top  view,  the  height  dimensions  of  the 
features  are'placed  on  the  front  view,,  and  the 
depth  dimensions  are  placed  on  the  side  view. 
The  dimensions  apply  to  one  view  only;  that 
is,  with  dimensions  between  views,  the 
extension  lines  should  be  drawn  from  one 
view,  not  from  both  views. 

d.  Do  not  place  unnecessary  dimensions  on 


a  drawing. .This  rule  is  also  applied  in  figure 
4-16.  Notice  that  no  dimensions  j^e  needed 
for  the  features  on  the  right  side  of  both  front 

'  and  side  views  because  the  other  dimensions 
have  already  established  these  dimensions. 

e.  .Whenever  possible,  avoid  crossing  one 
dimension  line  with  another.  As  shown  in 
figure  4-17,  the  best  method  of  preventing 
crowed  dimension  lines  is  to  place  the 
dimension  line  of  the  shortest  distance  nearest 

^the  outline  of  the  object  and  to  add  parallel 
dimension  lines  in  the*  order  of  "the  size  of* 
distances     dimensioned.     When  .  crowing 
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Figure  418.  Use  W  inclined  extension  lines 


dimension  lines  witH  extension  or  leader  lines 
is  unavt)idable,  make  a  break  in  the  extension 
line  or  leader  line  at  the  point  of  crossing. 
However,  when  two  exteAsion  lines  cross, 
neither  line  is  broken,  nor  are  extension  lines 
broken  when  they  cross  outlines.  ' 

/.  Place  dimensions  by  either  the  aligned 
systeml^or  the  unidirectional  system.  The 
aligned  system  of  .dimensioning  is  used  in 
figure  ^•'4.1 6.  In  this,  system,  the  dimensions 
parallel  the  surface  they  dimensioi^^  The 
unidifVctional  system  is  used  in  figure  4-15, 
Here  all  dfmension  values  are  horizontal. 

g.  Draw  extension  lines  perpendicular  to 
their  related  dimension  lines  unless  increased 
clarity,  fnay  be  obtained  otherwise.  For  an 
examplfe  of  the  exception,  observe  figure 
4-18.  T]he  top  illustration  shows  that  inclined 
extension  lines  -permit  a  mucTl  clearer 
presentation  of  the  curved  line  than  do  the 
horizontal  extension  lines  used  in  the  \oy{^ 
illustration. 

Keep  parallel  dimensions  equally 
spaced.  An  example  of  this  practice  is  shown 
at  the  upper  right  portion  of  foldout  2.  The 
spac6  between  the  outline  and  the  first 
dimension  line  is  slightly  larger  than  the 
spaces  between  the  dimension  lines.  The 
ratios  2  to  3  and  3  to  4  are  commonly  used. 
For  example,  if  the  spaces  between  dimension 
lines  are  .one-fourth  unit  or  three-eighths  unit, 
•  the  distance  between  the  outline  will  be 
three-eighths  or  one-half,  respectively. 

I.  Group  related  dimensions  on  the  view 
showing  the  contour  of  a  feature. 


As  shown  in  figure  4-19,  arrange  a  series 
of  dimensions  in  a  continuous  line.  When  this 
practice  places  the  dimension  values  so  close 
together  that  th^y  are  hard  to  read,  stagger 
the  values. to  form  two  columns,'  as  shown  in 
figure  4-20;  This  makes  the  numeral  much 
easier  to  read. 

k.  Place  dimension  values  midway  between 
arrowheads  except  when  a  center-  lih<i 
interferes  or  when  the  values  are  staggered. 

The  following  dimensioning  practices 4iave 
been  so  definitely  established  that  they  may/ 
be  called  rules.  ^ 

a.  Do  not  use  an  object  line,  extension 
line,  or  center  line  as  a  dimension  line. 

b.  Always  give  location  dimensions  to  the 
center  of  circles  that  \' represent  holes, 
cylindrical  projections,' or  bosses. 

,  .c.  When  dimension  figures  appear  on  a 
sectional   view,   show   them  -  in   a  small, 
luncrosshatched  portion  so  that  they  can  be 
r^^deasily^^         '  \ 

cT^Wrren  an  arc  is  usedas^  dimension  line 
for  an  angular  measurement,  use  the  vertex  of 
the  angle  as  the  center. 

e.  Show  the  diameter  of  a  circle,  never  th§ 
radius. 

f.  Make  dimensioning  complete  so  that  it> 
not  necessary  for  workmen  tq^add  or  subtract 
to  obtain  a  desired  dimension  or  to  scale  the 

drawing.  . .  .     .    *  V. 

g.  Place  dimensions  on  the  view  that  shows 

the  distarjce  in  its  true  length.  * 

\  »  * 

Order  of  Dimensioning^  A  systematic  order 
of  working  is  a  great  help  in  placing 
dimensions,  Foldout  2  illustrates  the 
procedure.  The  steps  are  as  follows: 
a  Coinplete  the  shapeTlescription. 
b,  Plate  the  extension  lines  and  extend  the 
center  Ime  where  necessary.  Plan  for  the 
location  of  both  size  and  locajjon  dimensions. 


2  • 

3 

8 

APPROVED  t  23H27'  NOT  APPROVED 
Figure  4-19. grouping  dlmensioM. 
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Study •  the  placement  of  each  dimension  and 
make  alterations,  if  desirable  or  necessary. 

f.  Add  the  dimension  lines. 

d.  Draw  arrowheads  and  leaders  for  notes. 
^    e,  *Add  dimension  values. 

/.  Letter  notes. 

Although  the  preceding  procedure  on  the  * 
order  of  dimensioning  is  simple,  a  beginning 
draftsman  may  have  trouble  with  the  first 
step,  because  the  drawing  of  the  shape 
description  must  be  done  to  scale;  that  is,  the  ' 
distances  such  as  those  representing  the 
width;  height,  and  depth  must  be  in  correct 
relationship  with  each  other,  as  indicated  bj[ 
the  dimensions.  To  show  you  how  this  is 
accomplished,  let's  go  through  the  steps  of 
the  process  used  to  draw  the  shape 
description  of  foldout  2. 

Before  staCrting  the  actual  j  drawing, 
mentally  divide  the  object  into  its  component 
geometric  shapes,  make  a  multiview  sketch, 
and  add  size  and  location  dimensions.  Use  this 
sketch  as  a*  model  for  the  drawing.  Make  all 
construction  lines  light  and  use  the  following 
steps  to  make  the  drawing.  f 

a.  Establish  a  reference  line  for  each  view, 
.Since  the  bottom  surface  of  the  object  is 
macViined  and  appears  as  a  line  in  the  front 
view,  it  is  .the  logical  choice  for  the  reference 
line  of  the  front  view.  The  horizontal  center 
line  makes  the  best  reference  for  the  top  view. 


Position  these  two  lines  on  your  paper  so  that 
the  two  views  are  properly  i>pa^d.  These  twa 
Jines"  serve  as  reference  lines  for  vertical 
measurements. 

b.  On  the  top  view,  establish  the  vertical 
ceryfer  line  for  the  large  hole.  Then  project  it 
to  'the  front  view.  These  twh  lines  serve  as 
references  forhonzontal  measurements. 

c.  Establish  the  position  of  the  vertical 
center  lines  for  the  hole  on  the  left  and  the 
two  holes  on  ^he  right  by  marking  off  from 
the  vertical  center  lines  distances  of  2Va  units 
ti^i  the  left  and  r/i- units  to  the  right.  Then* 

vdraw  the  two  vertical  center  Jir^es  in  both 
wiews. 

I   d.  On  the  vertical  center  line  of  the.tWo. 
moles  on  the  right,  mark  off  the  distance  ?«  of 
ifa  unit  to  locate  the  center  of  the  jupper  hole. 
iProm  this  cehter,  mark  off  tbk  distance  VA 
/  unitk^o  locate  the  center  of  the  lower  hole. 
\  Then  Sti^  the  honzontal  center  lines  through 
these  two-points.         *  I'. 

e.  Draw  the  forms  that  appear  a^jJircles  m 
the  top  view,  using  '4  unit  for  theiradius  of 
the  smair  holes,  ^7^2  unit' for'thelWiiws  of 
the  large  hole,  %6  unit  for. the  radip  of  the 
hole  on  the  left,  1  uni£' for  the  radi|s  of  the 
large  cylindrical  form,  and  V4  unit|for  the 
radius  of  the  small  cylindrical  forn^.  Then, 
proje'ct  the  resultant  circles  to  the  frop^t  view.  - 

/.  Using  the  center  of  the  hole  <?n^|he  left 
as  the  center  and  a  radius  of  l'/2^urii^,!draw 


WAVINESS  HEIGHT 


ROUGHNESS  HEIGHT 
MACHINED  SURFACE 


SYMBOL 


-^Vjness  width 
-roughness-wioth  cutoff 


LAY 

ROUGHNESS  IfVIDTH 


MEANING 


^ROUGHNESS  HEIGHT 


WIDTH 


LAY  DIRECTION 


■ROUGHNESS- WIDTH  CUTOFF 


Figure  4-2p.  Surface  roughness 
87 


r 


A.  B.  C 


■002-2  .002-2  .002-2 


j  231-129 
Figure  4-21.  Surface  roughrxess  symbols. 

\ 

the  rounded  end  (?f  the  ohuecl.  Then  project 
the  left  end  of  the  object  to  the  front  view. 

g  Draw  the  remaining  edges  of  Ihe  object 
in  the  top  view.  The  two  edges  that  appear  as 
horizontal  hni^are  tangent  to  the  senxicircle- 
'wfiich  represents  the  rounded  end  of  tha. 
object.  The  vertical  line  representing  the  edge 
at  the  other  end  of  the  object  is  located  \\ 
units^'from  the  left*  vertical  center  line.  Then 
project  the  right  edge  to  the  front  view. 

h.  In  the  front  view,  draw  horizontal  lines 
representing  the  heights  of  the  different  forms 
of  the  object,  making  the  height  of  the  base  % 
unit,  the  height  of  the  small  cylindrical  form 
Vj  unit,  and  t^e  height  of  the  large  cylindrical 
form  units. 

r  In  both  the  top  anfl  front  views,  draw  the 
lines  representing  the  web  between  the  two 
cylindrical  forms. 

I  Draw  all  fillets  and  rounds,  vising  a  radii^s 
of  Va  unit.  This  completes  the  construction 
part  of  the  drawing. 

k.  Finish    the    drawing    of    the  shape 
^  description*    by    erasing    all  unnecessary, 
construction  lines  and  tracing  over  all. lines, 
giving  them  correct  weight  and  character. 

Dimensioning  Surface  Qu2llity.  The  proper 
functioning  and  jvnear  life  of  a  part  frequently 
depend  upon  the  smoothness  quality  of  its 
surfaces.  Simple  finish  marks,  \s  used  on  the 
drawing  of  foldout  2  to  show  where  material 
IS  to  be  removed,  are  not  sufficient  to  specify 
surface  finish  on  such  parts.  A  system  of 
symbols  defining  roughness,  waviness*  and  lay 
IS  used.  The  relation  of  these  §ymbols  to 
surface  characteristics  is  illustrated  in  figure 
4-21.  Refer  to  this  figure  as  you  read  the 
following  definitions  of  surface  characteristics 
and  e-xplanatibns  of  how  these  characteristics 
are  specified  on  the  surface  quality  symbols. 

Roughness.  Surface  roughness  is  the 
rel3tively  finely  spaced  surface  irregularities 


that  are  produced  by^the  cutting  action  of 
tool  edges.  Roughness  is  expressed  as  the  ^  . 
arithmetic-average  deviation  from  the  mean 
line  of  the  surface  in  profile.  The  ifTicroinch  ^ 
(milhonths  of  an  inch)  is  the  unit  of 
measurement.  A  higher  numtfer*  of 
microincl^es  indicates  a  rougher  surface  that 
^does  the  Tower  number.  .  '  * 

When  surface  quality  is  specified*  on  a  » 
.drawing,  the  V  finish  haik  is  used  ^  a  base* 
The  right  s^ide  of  the  V  is  extended  upward  as 
on.  a  checkmark,  and  a  horizontal  crossbar  is 
added  over  the  tQp.  When  it  is  necessary  to 
specify  only  roughness  height  (the  width  ' 
between  ridges  or  the  direction  of  tool  marks 
being  unimportant),  the  simple  symbol  shown 
in  part  A  of  figure  4-21  is  used.  In  such  cases, 
the  horizontal  crossbar  may  be  omitted.  When 
it  ia  desired  to  spedify  maximum  and 
minimum  average  roughness  height,  the  upper 
and  lower  value  numbers  are  placed  as  those 

Additional     factors »  included^  in  the 
measurement   of   roughness  ate  roiighness  ,  ♦ 

width  and  roughness-width  cutoff.  Roughness 
width  is  rated  in  in^bes  and  is  the  msbtimum 
permissible  spacing  between  repetitive  units 
of    the   surface   pattern.  Roughness-width 
cutoff  is  the  maximbm  width  of  surface 
irregularities  used  in  the  measurement  of 
roughness  hfeight.  Both  roughness  width  and  ? 
roughness-width    cutoff    are    measured  in 
inches.  The  values  are   placed  under  the  ,  ' 
horizontal  crossbar  with  the  roughness-width, 
'cutoff  directly  over  the  roughness  width,  and 
the  roughness  width  value  is  placed  to  the 
right  of  the  lay  symbol. 

Waviness,  Waviness  is  the  ^surface  * 
undulations  on  which  the  roughness  features 
are  sujJerimposed*  The  undulations  are  of 
much  ■  greater  magnitude  than  roughness 
irregulariiies.  Waviness  may  result  from 
machine  or  work  deflections,  vibrations, 
warping,  strains,  or  similar^causes. -The  height  '  *  ^ 
of  waviness  is  rated  in  inches  as  peak-to-valley 
waves.     *  '  ^  * 

The  waviness  height  of  a  surface  is  specified 
in  inches  by  placing  the  numerical  value  above 
the  horizontal  crossbar  of  the  symbol,  as 
shown  in  part  C  of  figure  4-21.  The  maximum  . 
waviness  width  is  expressed  in  inches  and  is 
given  at  the '  right  of  the  waviness  height 
number.  In  the  examples  shown  in  figures 
4-20  and  4-21,  the  waviness  width  is  2  inches. 

Lay.    Lay   is   the   predominant  surface 
pattern    produced    by    tool   marks.  The 
predominant  pattern  may  lie  parallel  to  the-  . 
boundary  line  of  the*surface,  perpendicular  to 
the  boundary  line,  angular  in  both  directions  , 
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to  the  boundary'  line,  multidirectional, 
,ai)proxMnately  circular  relative  to  the  center 
of  the  surface,  or  approximately  radial 
relative  to  the-  center  of  the  surface.  The 
symbols  used  to  express  these  conditions  are 
.shown  in  figlire  4-22.  'They  are  placed  to  the ' 
•H^toftheV.  \  . 

Exercises  (234): 

1.  What  is^the  most  important  consideration 
,  in  dimensioning  practice? 


2.  Where  should  dimei^sions  .be  placed  on  a 
drawing?  ^ 


3.  List  the  or^er  of  dim^nsioni^ng. 

4.  How  are  roi^  surfaces  dimensioned?. 


4-4.  fplerancing 

To  achieve  a  particular  function  such  as 
free  rotation,  fr^e  longitudinsi  movement, 
clamp  action,'  or  permanent  fixed  positions, 
the  working  parts  of  any  machine  must  have 
some  definite  relationship  to  .their^  mating 
parts.  The  degree  of  accuracy  with  which  the  • 

a are  manufactured  determines  their 
y  to  function  as  a  unit.  As  an  example,  a 
cast  part  usually  has  two  types  of  surfaces: 
mating  surfaces  and  nonmating  surfaces.  The 
mating  surfaces  are  macjiined  to  the' proper 
smoothness  so  that  they  will  be  at  the  correct 
distance  from  each  other.  The  .nonmating 


surfaces  with  no  important  relationship  to 
other  parts  of  surfaces  are  left  m  their  original 
rough -cast  form.  Thus»  matmji  burfaces 
ordinarily.  require  *  much^  grater 
manufacturing  precision  than'  nonmating 
surfaces).*  The  dmiehsions  on  a  drawing  mubt 
indicate  which  surfaces  are  to  be  finished  and 
'the  degree  of  precision  required  in  finishing. 
FloWever,  because  it  is  impossible  to  produce 
all  distances  to  absolute  size»  some  variation 
must  be  allowed  •  in  manufacture.  This 
allowable  variation  is  callecl  tolerance,  and  the 
system  used  to  provide  a  practical  means  of 
achieving  the  precision  required  Is  called 
£olerancing  or  limit  dimensioning.  ^ 

235,  Explain  tolerancing  or  limit 
dimensioning. 


Basic  ^ Terms.  The  terms  used  in  limit 
dimensioning  are  so  interrelated  that  you 
should  l^ow  their  meaning  before  making  a 
detailed  study  of  dimensioning  techniques. 
The  following  are  definitions  of  common 
terms: 

Normal  size.  The  .normal  size  is  a  close 
approximation  ef  a  standard  size.  It  is  use^l 
for  general  identification  purposes.  For 
example,  a  bolt  whose  actual  diameter  is 
0.2495  inch  may  be  referred  to  as  a  '^nnch 
bolt.  ^  ' 

,  •  Basic"  size.  This  is  the  exact  theoretical 
siie  from  ,  which  limits  are  derived  by 
application-  of  allowances  and  tolerances. 
When  there  is  no  allowance  involved,  the  basic 
size  is  referred  to  as  the  design  Size. 

•  *  Limits.  The  dimensions  prescribing  the 
maximum  and  minimum  size  of  a  part  are 

'  called  size  limits.  Similarly,  location  limits 
define  the  allowable  variation  in  location 
dimensions.  *  ,  *  \ 

•  Clearance.  This  is  the  space  between  two 
mating  parts,  such  as^a^haft  and  a  hole.  ^ 

•  Interference.  This  is  the  total  amount  of 
deformation  which  results  from^forcing  an 
internal   member   into'  a  smaller  external 

>  member.  -  . 

•  Allowance.  An-  allowance  is  *  an 
intentional  difference  between  the  maximuln 
material  limits  of  mating  partsV  U  is  a 
minimum  clearance  (positive  allowance)  or 
maxinium  interference  (negative  allowance) 
between  mating  parts. 

•  Maximum,  material  limit.  A  maximum' 
material  limit  is  the  maj^mum  size  limit  of  an 
external  dirfiension  or  the  minimum  Mze  limit 
of  an  internal  ditnension. 

•  .Mimmum  material  Itm^t.  .\  minimum 
material  limit  is  the  niinimum  i>ize  limit  of  an 
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Figure  4-23.  Limit  dimensioning. 


external  dimension  or  the  maximum  size  limit 
of  an  in^tprnal  dimension. 

•  Tolerance  limit,  A  tolerance  limit  is  the 
variation,  positive  or  negative,  "by  which  a  size 
IS  permitted  to  depart  from  the  design  or 
preferred  size. 

Tolerancing  Methods.  The  maximum  and 
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Fit^ure  4*24.  Unilate^raJ  tolerancing;. 


minimum  values  of  a  dimension  may^  be 
indicated  on*  a  drawing  by  one  of,-  three 
methods:  limit  dimensioning,  unilateral 
tolerancing,  or  bilateral  tolerancing  may  be 
used% 


Limit  \dimensioning.  The  limit 
dimensioning  method  is  preferred  where  gages 
are  exten^vely  used  in  iquantity-production 
work.  In'  this  n;^ethod,  ,the  two  limits 
representing  the  maximum  and  minimu 
acceptable  sizes  of  a  dimension  are  placed  orf 
the  drawing.  The  two  limits  may  be  arranged 
fn  two  differen.^ays,  but  both  arrarigements 
are  never  Used  on  the  same  drawing.  In  the 
first  arrangement  wheof^  dimensions  are  given 
directly  (not' by  note)/the  high  limit  ii  always 
placed  above  the  low  limit.  The  low- limit 
always  precedes  the  high  limit  when 
dimensions  are  given  in  note  form.' 


The  second  arrangement,  shown  in  figure 
4-23,   diffAs   slightly.    For  dimensions 


gure  / 

^     ,  _        ;  of/ 

positj^on  given  cUrectly,  the  *  high  limitj 
(maximum  dimension)  is  placed  above  and 
the  low  limit  (minimum  dimension)  is  placed 
below-.  For  dimensions'^of  si-ze  given  directly, 
the  value  Representing  the  maximum  material 
condition^  is  place^  above,  and  ^  the  value 
representing  the  minimum  material  condition 
is  placed  below.  When  the  limits  are  given  in 
note  fonn,  the  value  that  otherwise  is  placed 
above  precedes  the'  Q):her.  Thus,  the  two 
differences  in  the  positionaof  the  limits  in  the 
two  arrangements  'are  on  inside  dimensions 
given  directly  and  on  outside  dimensicMis 
given  as  notes.  The  advantage  o^  'theSsecond 
afrangement  is  that  in  the  shop^operation  the 
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s  the  other  is 


limit  which  is  on  top  or  preci 
reached  first. 

Unilateral  tolerancing:  Unilateral  tolerances 
are.  expressed  by  giving  two  limits:  the  desired 
size  and  the  minimum  allowable  size.  They 
may  also  be  expressed  by  giving  one  limiting 
size  sgid  the  tolerance  in  one  direction.  The 
tolerancirig  expressed  in  figure  4-23  would  be 
considered  unilateral  if  the  upper  dimension 
were  the  basic  size. 

Figure  4-24  shqws  the  other  method  of 
unilateral  tolerancing.  Here,'  the  preferred 
dimensions  of  the  shaft  and  the  hole  are 
placed  above  the  dimension  line,  and  the 
tolerance  values  are  placed  below  the 
dimension  line.^Each  tolerance  may  be  plus  or 
minus  but  no£  both.  The  tolerance  is 
unilateral  because  it  applies  to  only  one  side 
of  the  desired  dimension. 

Bilateral  tolerancing.  As  shown  in  figure 
4-25,  bilateral  tolerances-  are  expressed  by 
giving  the  tolerances  m  two  directions^.  A  plus 
tolerance  and  a  minus  tolerance  indicate  the 
limit  on  each  side  of  the  desired  dimension. 
When  the  plus  and  minus  tolerance  values  are 
eqi^i,  a  combined  plus- -and  6ainus  sign 
followed  by  a  single  tolerance  Value  can  be ' 
used.  The  sign  and  value  may  be  placed  in  line 
with  the  dimension  as  shown  at  the  Jeft  and 
right  sides  of  figure  4-25,  or  they  may  be 
placed  on  a  separate  line  as  illustrated  by  the 
upper  dimensioning  values^  ^ 

^f  the  plus  and  minus  tolerance  values  are 
unequal  (as  in  the  lower  dimension  values  of 
fijgure  4-25),  the  plus  value  is  placed  below 
tne  line. 


/ 


Cumulative  and  Noncumulative  Tolerances. 
When  the  location  of  a  surface  of  an  overall 
dimension  is -controlled  by  more  than  one 
tolerance,  the  tolerances  are  said  to  be 
ciimulative.  As  can  be  shown  by  discussing 
the  top  illustration  of  figure  4-26,  when 
dimensions  ^e  continuous  from  surface  to 
surface,  an  undesirable  condition  may  result* 
Notice  that  there  is  only  0.005  permissible 
variation  in  the  overall  length  of  the  object, 
while  each  dimension  is  also  allowed  0.005 
deviation.  If  minimum  tolerances  are  obtained 
between  all  surfaces,  the  length  of  the  object 
could  be.  3.980  as  against  a  minimum 
specified  length  of  3.995.  If  it  is  necessary  to 
maintain  the  overall  dimension  within  th^e 
specified  limits,  the  allowable  variation  of 
0.005  must  be  distributed  among  the  four 
dimensions.  Therefor^  the  machinist  would 
find^  necessary  to  work  to  limits  closer  than 
those  specified. 


CUMULATIVE 
 4,000 


-.005 


1,000 


,  %005 


1.000 


-.00^ 


t.ooo 


-.005 


I.OOO 


-.005 


-J 


NON  CUMULATIVE 
4X)00 


Figure  4-26.  Cumulative  and  noncumulative  tolerancing. 

To'  avoid  the  undesirable  situation  resultmg 
from  cumulative  tolerances,  the  prefened 
practiqe  is  to  locate  the  surfaces  from  a  datum 
plane,  a^  shown  in  the  bottom  illustration. 
Each  surface  is  then  affected  by  only  one 
dimension.^  This  type  of  tolerancing  is 
noncumulative  tolerancing.  ' 

Exercises  (235): 

1.  What  is  tolerancing  or  limit  dimensioning? 


2.  Define  unilateral  and  bilateral  tolerances. 
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METHOD  OF  SPECIFYING  FLATNESS 
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TOLERANCE 


V   J 

T4IS  SURFACE-^  ^ 
SHALL  BE  'FLAT 


•  WITHIN  .002  INCH 

J 


^    .002  TOLERANCE  ZONE 


T 


231-142  ' 


f  .B 
*  INTERPRETATION 


Figure  4-27.  Method  of  specifying  fljitness  and  Its 
interpretation. 

\ ' / 

^-5.  Geometric  Tolerancing  ^ 

A  geometric  tolerance  is  the  maximum 
{>ermissible  variatiori  in  the  specified  form' of 
•  an'  individual  feature  of  a  part.  Materials  are 
'  fabricated  into  shapes  or  forms  tisihg 
geometric  terms  to  define  them.  To^maintain 
a  specifie<K  quality,  variations  must  be 
restricted  because  the.  perfect  form  or  sj>ape 
cannot  be  produced.  '     ^  ' 

The  definition  of  geometric  form  being 
perfection,  geometric  tolerances  should 
satisfy  the  pecessary  standards  of  accuracy  for 
proper   functioning  and-  interchangeal;>ility. 

236.  Given  the  methods  of  specifying  surface 
tolerances,  identify  these  surface  tolerances. 

-Tolerance  W  Forms!  Tolerances  of  forms 
often  affect  one  another.  For  example, 
tolerances,  of  parallelism  includes  flatness  or 
straightness.  As  we  have  ^ready  discussed, 
tolerances  of  fofms  are  also  intenrelated  with 
tolerances  that  limit  size  or  position.  Let  us 
now  discuss  tolerances  of  form  individually, 
Ignoring  the  effects  of  combin^tipn  with 
other  tolerances  of  form,  size,  of  position. 
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METHOD  OF  SPECIFYING  STRAIGHTNESS 
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Figure  4-28.  Method  ot  specifying  itraightnesa  and  iU 
interpretation. 
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y  INTERPRETATION 

Piguw  4-29.  Method  of  tpecifying  angularity  and  its 
interpntation. 


Specifying  flatness.  Part  A  of  figure  4-27 
shows  the  method  of  specifying  ^flatness. 
Notice  that  the  feature  control  symbol  is 
associated  with  the  feature  being  toleranced 
by  attaching  the  comer  of  4he  box  to  an 
extension  line  from  the  feature.  As  shown  in 
part  B,  this  presentation  is  interpreted  to 
mean  that  this  surftfce  shall  be  flat  within 
0.002  inch.  This  means  that  the  surface  may 
deviate  from  a  plane  as  long  as  it  remains 
between  two  parallel  planes  that  are  0.002 
inch  apart. 

Specifying  straightness.  The  method  of 
specifying  straightness  is  shown  in  pdxt  A  of 
figure  4-28.  Here,  a  dimension  line  is  ^sed  to 
associate  the  symbol  with  the  desired  surface, 
^e  interpretation  is  shown  at  B.  For  the 
cylinder,  this  means  that  the  axis  must  lie 
within  a  cylindrical  zone  0.002  inch  in 
diameter.  For  the  bar*  this, means  that  its  axial 
plane  must  lie  within  the  0.002-inch  tolerance 
zone.  However,  since  the  parts  are  usually 
measured  on  the  surface  with  the  gage,  the 
surface  tolerance  zone  is  equal  to  the 
diameter  plus  ^he  0.002-inch  toler*ice  zone. 

^  In  practice,  -applications  of  tolerances  of 
form  apply  to  the  surface,  regardless  of  length 
or  area.  For  long  parts,  therefore,  it  may  be 


necessary  tp  specify  the  tolerance  per  unit  of 
length  or  area.  For  example,  on  long  tubes  the 
tolerance  could  be  expressed  ;as  straight 
within  0.002  inch»per  foot.  This  would  permit 
greater  variation  over  the  total  length,  if  it  is 
functionally  permissi^)le.  ' 

Specifying  angularity.  Two  systi'ms  for 
specifying  the  tolerance  on  angles  may  be 
used.  One  system  gives  "an  angular  zone  of 
tolerance,  and  the  other  gives  a  zone  between 
two  parallel  planes.  The  latter  system  is  shown 
in  part  A  of  figure  4-29.  A  leader  is  used  ta 
associate  the  teature  control  symbol  with  its 
toleranced  surface,  and  a  datum  identifying 
symbol  is  used  to  show  the  surface  used  as  a 
referencte.  The  two  parallel  planes  between 
which  the  entire  toleranced  surface  must  lie 
are  inclined  from  the  datum  by  exactly  the 
specified  basic  angle.  The  two  acceptable 
extremes  for  the  angles  are  shown  within  the 
shaded  area.  ^ 

Specifying  perpendicularity.  As  shown  in 
figure  4-30,  the  perpendicularity  tolerance 
applicable  to  a  plane  surface  is  the  distance 
between  two  parallel  planes  between  which 
the  entire  surface  must  lie.  The  two  parallel , 
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Figure  4-30.  Method,  of  specifying  perpend icutarity 
and  its  interpreUtion. 
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METHOD  OF  SPECIFYING  RftRALLELISM 
•TO  SURFACE  A 


•THIS  SURFACE 
SHALL  BE 
PARALLEL 

-j002  TOLERANCE  ZONE 
PARALLEL  TO  SURFACE  A 


•WITHIN 
«002  iN( 


CH 


SURFACE  A 
B 

INTERPRETATION 


Figure  4*31.  MetBod' of  specifying  pArallelum  and  its 
.  t^^i^   -  interpretation. 


planes  must  be  exactly  90''  from  the  datum 
Rlanj^f 

If  the  feature  being  toleranced  is- a  cylinde'r 
(or  other  form  of  revolution)  and  the  datum 
is  a  plane,  the  perpendicularity  tolerance  is 
the  diameter  of  the  tolerance  zone  within 
which  the  axis  of  the  cylinder  must  lie.  The 
axis  of  the  tolerance  zone  must  be  at  exactly 
*  90**  from  the  datum  plane. 

If  both  the  feature  and  the  datum  are 
cylinders,  the  perpendicularity  tolerance  is 
'  the  distance  between  two  parallel  planes 
between  which  the  axis  of  the  cylinder  must 
lie.  Of  course,  Ijere  too,  the  planes  must  be 
exactly  90''  from  the  datum, axis. 

Specifying  parallelism.  The  method  of 
specifying  parallelism  between  two  planes  is 
sjiown  in  part  A  of  figure  4-31.  As  shown; 
parallelism  is  the  eondiuon  of  a  plane  which  is 
equidistant  at  all  points  from  a  datum  plane! 
The  condition  may  also  apply  to  an  axis 
which  is  equidistant  at  all  points  from  a 
datum  axis. 

As  shown  in  part  B  of  figure  4-31, 
parallelism  tolerance  applicable  to  a  plane 
surface  iiv^  distance  between  two  parallel 


planes  between-  which  the  surface  must  lie. 
The  two  parallel  planes  must  be  parallel  with 
the  datum  plane.  " 

Specifying  concentricity.  Concentricity  is  a  ^ 
condition  in  which  two  or  more  regular 
features  (such  as  cylinders,  cones,  spheres, 
hexagons,  etc.)  in  any  combination  have  a 
common  axis.  The  method  of  specifying 
concentricity  of  two  cylindrical  forms  is 
shown  in  part  A  of  figure  4-32.  Part  B 
interprets  the  symbols  and  illustrates  their 
meaning.  As  indicated  by  the  shaded  areas, 
the  toleranced  surface  can  be  controlled  in 
two  ways.  As  long  as  the  axis  of  the  cylinder 
remains  within  the  0.001  axis  tolerance  zone 
or  the  surface  variation  does  not  exceed  0.005 
(one-half  the  acceptable  total  indicator 
reading)  the  concentricity  of  the  small 
cylinder  is  acceptable.  As  shown  in  the 
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Figure  4*32.  Method  of  specifying  concentricity  and 
iti  interpretation. 
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METHOD  OF  SPECinriNG  TRUE  POSITION 
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When  true  position  tolerancing  is  used  on  a 
dtawing,  the  untoleranced  dimensions 
locating  the  true  positions  are  identified  by 
one  of  the  following  methods: 

a  Add  the  word  **BASIC''  or  the 
abbreviation  **BSC**  to  the  nght  of,  or 
underneath,  each  dimension  establishing^  the 
true  position. , 

6.  Tolerance  each  dimension  on  the 
drawing  not  involved  in  true  position 
dimensioning,  or  notTlabeled  **REF;'  **MAX;^ 
or  **MIN;'  and  add  the  note  **DIMENSIONS 
LOCATING  THE  TRUE  POSITION  ARE 
BASIC/' 


In  interpreting  true  position  in  terms  6f  the 
axis  of  a  hole,  the  true  position  tolerance 
means  that,  when  RFS  is  the  modifier  or 
MMC  is  the  modifier  and  the  hole  is  at  its 
maximum  material  condition,  the  axiy  of  the 
hole  must  lie  within  a  cylindrical  zone  having 
a   diameter  equal    to   the   true  position 


.600 


Figure  4-33.  Method  of  specifying  tme  position  and 
its  interpretation. 

illustration   on  .  the   right,   the  '>rifaximum 
allowable  eccentricity  is  O.0OO5  inch. 

Specifying  true  positio^.  Specifying  the 
location  of  holes  or  other  features  by  means 
of'  rectangular  coordinates  or  angular 
dimensiorung  results  in  a  square,  rectangular, 
or  wedge-shaped  tolerance  zone.  The 
engineering  intent  can  often  be  expressed 
more  precisely  if  locations  are  given  as  true 
positions  and  with  tolerances  to  state  how  far 
the  actual  positions  can  be  displaced  from 
true  positions.  This  method  is  expressed  in 
part  A  of  figure  4-33.  this  practice  results  in  a  , 
circular  tolerance  zone. 

For  cylindrical  features  the  true  position 
tolerance  is  the  diameter  of  the  tolerance 
zone  within  which  the  axis  of  the  feature 
must  lie.  The  center  of  the  tolerance  zone  is 
considered  to  be  at  the  true  position.  For 
other  features,  such  as  slots  and  tabs,  the  true 
position  tolerance  is  the  total  width  of  the 
tolerance  zone  within  which  the  axial  plane  of 
the  feature  must  lie.  The  center  of  the  zone  is 
considered  pfl  being  at  the  true  position. 
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Figure  4-34.  Method  of  specifying  roundn«ti  of  rigid 
parts. 
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Figure  4*35v  Method  of  ^ecifying.  rouxidnett  of 
,  ,  '  nonrigid  partt,  ^ 


toleranc6  and^  having  \jts  center  at  the  true 
position.  Ti\e  tole^ce  zox^e  is  perpendiculait 
to  the  surfkce^yJir  which  the  Jioles'  originate' 
and  to  whfclvTOey  are  drawn  perpendicular  on^ 
the  drawing.  Hence,  the  tolerance  zone  also 
defines  t^e_  limited'  of*  ^variation  in 
perpend icula^ty  of  the  hole  with  respect  to  ' 
this  implied  datum  surface.  For  a  pattern  of 
holes,  the  cylindrical  tolerance  zones'  are 
parallel.  Hence/  the  true  position  tolerance 
controls  both  position  and  pai^lelism.  When 
nQ  n>odifier  or  maximum  material  condition 
is^specified,  true  posifipa'  tolerance  applies 
only  when  the  feature'  is  at  maximum  material 
cortditipn. 

Specifying     roui^dness.     The  tolerance 


governing  the  roundness  of  a  fea^re  is  the 
difference  in  the  diameter  of  two  concentric 
circles  between  which  the  surface* must  lie. 
When  roundness  is  measured  on  the  surface, 
the  total  indicator  reading  .corresponds 
roughly  with  the  **but-of-rQundness"'*oih  the 
diameter.  When  roundness,  is  checked  by 
rotating'lhe  part  about  its  nominal  center,  the 
in  d  icatot  reaaing  indicates  the 
out-of-rbi^dness  dn  the  radius.  Naturally,  this' 
toleranice  measurement  corresponds  *  with 
dne-hal,f  of  tHe' roundness  tolerance. 
^'Ki^  concept  of  free-state  variation  must  be 
considered  ip  specifying  roundness  tolerance. 
Pree-state ,  variation  is  the  amount  a  part 
distorts  ifter  removal  of  ^  external  forces 
applied  durihg  manufacturing.  A  par^  *  is 
considered  rigid  (nqt  subject  to  free-state 
variation)  when  it  does  not  distort  due  to  its 
own  weight  or  flexibility,  or  when  its 
structural  force*  are  greater  than  those -that 
can  be  exerted  when  the  expected  method  of 
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Figure  4-36.  Method  of  specifying  fiymmetry. 


assembly  is  used.  Part  A  of  figure  4-34  shows 
the  method  of  specifying  roundness  of  such 
parts.  .Notice  that  the  roundness  symboj^s 
blocked  off  with  a  vertical  line  to  eliminate 
the  possibility  of  misreading  the  symbol  as 
part  of  the  tolerance. 

Part  B  of  figure  4-34  shows  the  meaning  of 
the  roundness  specification.  As  shown,  the 
surface  meets  specifications  when  it  lies 
entirely  between  two  concentric  circles  which 
are  0.002  inch  apart  and  have  diameters 
somewhere  between  0.595  and  0.600  inch. 

For  parts  consisting  essentially  of  shells 
With  a  thin  wall  thickness  in  proportion  to  the 
diameter,  gefometric  tolerances  (such  as 
roundness  and  concentricity)  cannot  be 
properly  applied  without  controlling 
free-state  variation.  The  method  of  specifying 
roundness  tolerance  for  this  type  of  part  is 
shown  in  part  A  of  figure  4-35.  Notice' that 
the  'note  includes  the  abbreviation  "AVG 
DIA**  (average  diameter)  and  the  phrase  **IN 
FREE  STATE." 

An  average  diameter  is  the  mean  of  several 
diameters  (not  less  than  four)  across  a  circular 
or  spherical  part.  It  is  used  only  to  determine 
conformance  to  diameter  tolerance.  A 
diameter  is  labeled  **AVG  DIA"  only  when  it 
is  allowed  a  maximum  roundness  tolerance  in 
the  free  state. 

The  average  diameter  of  the  part  toleranced 
in  part  A  of  figure  4-35  may  be  anywhere 
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between  0.598  and  0.600  inch.  The  two 
illustrations  in  part  B  give  two  mterpretations 
of  the  meaning  of  the  roundness 
specifications.  The  top  illustration  in  pjart  B 
shows  the  maximum  allowable  distortion  of  a 
suspended  part  in  the  maximum  material 
condition.  The  bottom  illustration  shows  the 
maximum  allowable  distortion  of  the  part 
with  minimum  average  diameter  as  if  the  part 
were  resting  on  a  flat  surface. 

Specifying  symmetry.  Part  A  of  figure  4*36 
shows  the  method  of  specifying  symmetry. 
Symmetry  is  a  condition  in  which  a  part  or 
feature  has  the  same  contour  on  opposite 
sides  of  a  control  plane,  or  a  condition  in 
which  a  feajture  has  a  common  plane  with  a 
datum  feature. 

Part  B-)  of  figure  4-36  shows  tRe 
interpretation  of  the  ^mbols  used  to  specify 
symmetrical  tolerance.  The  tolerance 
governing  the  symmetry  of  a  feature  with 
respect  to  a  datum  is*the  ilistance  between 
two  parallel  planes  between  which  the  control 
plane  of  the  feature  must  lie.  Of  course,  the 
parallel  planes  are  parallel  to  and  equally 
disposed  about  the  control  plane  or  the 
control  axis  of  the  datum  feature. 

Exercise  (236): 

1.  What  does  the  word  **BASIC"  mean  when 
referring  to  a  dimension? 
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ANSWERS  FOR  EXERCISES 


Reference: 

200  • .  I .  Chord. 
200  •  2.  A  point. 

200  •  3.  A  principle  of  plane  geometry. 


motion  changing  direction  along  iU  entire 
length. 

201  •  3.  A  plane  is  a  flat  surface  generated  by  a 
straight  line  moving  in  a  direction  other 
than  its  length,  aeating  an  area  with  length 
and  breadth  but  no  thickness. 


201  •   I.  A  straight  line  is  produced  by  a  point  in 

motion   in   orie  direction  for  its  entire.     202-.  1.  Adjacent  angles. 

length.       .    \  '202  •  2.  a,  d,  A  b,  b. 

201  •   2.  A  curved  line  is 'produced  by  a  point  in      202-  3.  Figure  1 


r 


b. 
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Figure  1.  Aniwer  for  objective  202,  exercise  3. 
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Figure  2.  Answer  for  objective  203,  exercise  1. 
203-  2. 


Figure  3.  Answer  for  objective  203,  exerciie  2. 


204*  1.  See  text  figure  X-9. 

204  •  2.  See  text  figure  X-X2. 

206  •  1.  Set  text  figure  X*X3. 

206  •  2.  See  text  figure  X-X4. 


206  '    1.^  See  text  figure  M5 

206  •   2  See  text  figure  M6. 

207  .  1. 


Figure  4.  Answer  for  objective  207,  exercise  1. 

208  •  X.  See  text  figure  X-18. 
208  •   2.  See  text  figure  1-19. 
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Figure  5.  Answer  for  objective  209,  exercise  I. 
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Figure  6.  Answer  for  objective  209,  exercise  2. 


209-   3.  See  text  figure  1-23. 


210-    1,  See  text  fij^rc  1-24. 

211  •  1.  See  text  figure  1-26. 
21 1  >   2.  See  text  figure  1-27. 


212-  1.  See  text  figure  1-30. 

213'   1.  See  text  figure  1*31. 

213-  2.  See  text  figure  1-32. 

214-  1.  a  See  text  figure  1-33. 

6. 


figure  7.  Answer  for  objective  214,  exercise  2. 
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216 


1.  See  text  figure  1-34. 

2.  See  text  figure  1*35. 

3.  See  text  figure  1-36. 

4.  See  text  figure  1-37. 

5.  See  text  figure  1-38. 

6.  'Foci»    trammel,  and 
.  methods. 

1.  a  Se«  text  figure  1-39. 
6.  See  text  figure  1*40. 
c.  See  lex t  figure  1-41. 


concentric  circle 


217  -  1.  See  text  figure  1-42. 
217  -   2.  See  text  figure  1-43. 

218-  1.  a  See  text  figure  1-44. 

6.  See  text  figure  1-46. 
c.  See  text  figure  1*46. 

219  -  1.  See  text  figure  1-48. 
219  -  2.  See  text  figure  1-47. 
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220  -   1.  Parallel  projections  and  central  projections. 
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220 

220 

221 

221 
221 

222 

222 

223 
223 
223 
223 

224 

224 

225 
225 

225 
225 

226 
226 
227 
227 

228 
228 
228 


229 
229 


229 
229 


2.  Thc^ide  which  shows  best  the  contour  or 
shape  of  the  object. 

3.  When  the  glass  box  is  open. 

1.  Six:  front,  top,  right  side,  back,  bottom, 
left  side. 

2.  Three:  front,  top,  right  side. 

3.  Visible  (or  story  )Tmes. 

1.  Half  views  should  always  be  near  a  full  view 
of  a  drawing. 

2.  Any  view  may  accompany  the  front  view, 
if  e<bh  is  equally  descriptive. 

1.  Rounded  intersections  of  surfaces  of  inside 
corners  are  known  as  fillets. 

2.  Rodnded  intersections  of  surfaces  occur  at 
outside  edges  and  are  called  rounds. 

3.  An  oblique  surface  is  a  nonparallel  surface 
to  any  principal  plane  of  projection. 

4.  Fillets  and  rounds  are  always  shown  to 
indicate  corners  of  unfmished  castings. 


1.  Vertical    (or   frontal  plane), 
plane,  and  profile  plane.^, 

2.  Third  angl^  projection. 


horizontal 


1.  IsQ^netric  means  equal  measure. 

2.  The  object,  is  rotated  45*  on  its  vertical 
axes. 

3.  360^ 

4.  Trimetric. 

1.  All  receding  lines  of  Wie  cabinet  drawing 
are  half  the  true  length  of  the  cavalier,  « 

2.  The  >eUipse4  is  drawn  by  means  of  projec- 
tions from  the  circle. 

3.  Line. 


1. 


2. 


It  is  used  to  expose  internal  features  of  an 
object. 

The  arrows  show  the  direction  in  which  the 
cut  surface^  is  viewed  through  the  cutting 
planer 


1.  ^ny  appropriate  angle  may  be  used,  de- 

pending upon  the  angular  positions  of  the 
visible  outlines.  J 

2.  Section  lines  in  adjac^t  areas  should  not 
slope  in  the  same  direction  since  they  can 
cause  confusion. 

3.  The  elimination  of  section  lines  on  rivets, 
bolts,  and  screws  gives  better  contrast  and 
understanding  to  the  illustration. 


229  •  W  Exterior. 

229  '  2.  Hidden  lines  are  always  omitted  unless  they 
are  necessary  to  clarify  the  view. 
One-quarter  of  the  object. 
It  is   a  full-sectional  view  obtained  by 
bending  the  cutting  plane  to  expose  fea- 
tures which  otherwise  would  not  show. 
229  -  5.  It  is  used  when  only  a  part  of  a  section 
view  is  required  to  show  internal  features, 
and  external  details  are  affected  very  littl^. 
The  scale  must  be  shown. 
Phan^m  section. 


2. 

3. 
4. 


230  •   1.  It  is  a  variation  from  a  trut  projection  to 

make  a  drawing  easier  to  read. 
230  •   2.  Top  view. 

230  •   3.  The  true  radial  distance  of  two  holes  can  be 
shown. 


230  -    4.  It  indicates  that  the  length  of  the  ol)ject  is 

not  drawn  to  scale 
230  •        A  br^ak  should  bo  located  at  a  point  wht  n* 

the  c^oss•sec^KU1ai  sh.tpe  is  coriNtant 


:^K^^aJ^K^pe  is  < 


231  •  1 


231 


231  • 
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232-  1 


232 


232- 

232  - 

233  • 

233  . 
233  - 

233  - 
233- 


An  auxiliary  view  ib  recjuired  when  the  true 
size  and  shape  of  a  portion  of  an  object  are 
not  shown  iii  the  regular  top,  front,  or  side 
view. 

Yes,  the  auxiliary  p(ane  is  rotat^'d  until  it 
coincides  with  the  front  plane 
Line;  symmetry. 

A  distance  on  a  drawing  may  be  given 
either  by  a  dimension  or  by  a  note 
2.  Extension  lin^s,  dimension  lines,  and  leader 
lines. 

a.  Extension  lines  are  thin,  ^olid  lines  that 
start  about  '/,^"  ..from  the  object  and 
extend  about 
mension  line. 

Dimension  lines  are  thin,  solid  lines 
terminated  at  each  end  by  arrowheads 
and  indicate  the  direction  and  extent  of 
the  dimension, 
c.  A  leader  is  a  thin,  straight  line  that 
begins  at   a  dimension  or  note  and 
terminates  in  an  arrowhead  at  the  point 
of  reference. 
An  arrowhead  is  three  times  as  long  as  it  is 
wide. 

A  finish  mark  indicates  that  a  certain 
surface  must  be  changed  by  machining, 
drilling,  filing,  or  grinding. 


'I "  beyond  the  last  di- 


b. 


3. 


4. 


1.  Size  dimensioning  involves  the  dimensions 
of  height,  width,  and  depth. 

2.  Prism. 

3.  A  right  cone  is  a  conical'shapcd  object  with 
the  apex  perpendicular  to  the  base. 

A  frustum  of  cone  is  a  conical -.shaped 
object  with  a  portion  of  the  top  removed 

An 'oblique  cone  is  a  conical-shaped 
object  with  the  apex  angle  other  than  90 

4.  Location  dimensioning  involves  dimonbions 
that  will  positfpn  each  form  m  relation  to 
the  other. 

5.  Dimensioning 'sAapes  that  are  considered 
standard  featu/es  are  circles  and  arcs, 
curves,  ^angte/^  chamfers,  tapers,  holes, 
countersinks^  counterbores,  spotfaccs,  and 
rounded  erfds. 


234  -    1.  Clarity. 

234  -   2.  Dimensions   should   ik^   pj^^  between 
views  whenever  possible,  outside  the  views 
if  there  is  no  room  between  views,  on  the 
views  if  all  else  fails. 
234  •   3.  a.  Complete  the  shape  description 

b  Place  the  extension  lines  and  extend  the 
center  line  where  necessary.  Plan  for  the 
location  of  both  .size  and  location  di- 
mensions. Study  the  placement  of  rach 
dimension  and  make  alterhtions  if  desir- 
able or  necessary.  ^ 
•        c.  Add  the  dimension  lines. 

d    Draw  anrowhonds  and  leaders  for  notes. 
e.  Add  dimension  values. 
/.  Letter  notes. 
284  -   4.  Roughness  is  e.x pressed  as  the  anthmrtie 
averago-deviation  from  the  mean  linr  of  thu 
surfacu^  profile, 
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235  •  1.  Tolorancing  or  Um»t  dimentioning  is  |he 
vanation  allo\vcd  in  manufacturing  an 
object. 

235  •  2.  Unilateral  tolerances  are  exprMsed  by 
giving  two  linntU;  the  tolerance  ^Bes  only 
to  One  side  and  may  be  plu»  o^inus  but 
not  both. 


236 


Bilateral  tolerances  are  expressed  by 
giving  tolerances  in  two  directibns;  ^he 
tolerance  applies  to  both  sides  and  are  pms 
and  minus  on  both  sides. 

1.  "BASIC"  or  the  abbreviation  **BSC"  to  the 
right  of,  or  beneath,  each  dimension  estab* 
llshes  the  true  positioa> 
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OUTLINE  USED  INSTEAD  1 
OF  AN  EXTENSION  LINE-^     ,  I  L  . 


f  DRILL- 


/•-LOCAL  NOTE 


O 


LEAOER^y" 


CENTER  LINE--- 
USED  AS  AN 
EXTENSION  UINE 


DIMENSION  LINE 


0  . 


note:  all  pillets  and 

ROUNDS  4  R 


/-EXTENSION  LINE 


GENERAL  NOTE; 


--FlhjiSH  MARK^  / 
A«ROWH£AO/^-^ 


© 


Poldout  2,    Order  of  dimensioning. 


V 

1.  MATCH  ANSWER      -2.  U^E  NUMBER  1  OR 
flHEET  T.O  THIS  NUMBER  2  PENCIL. 
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EXTENSION  COURSE  INS-flTUTE 
VOLUME  REVIEW  EXERCISE 

APPLIED  BASIC  DRAFTING  TECHNIQUES   (PART  I) 
Carefully  read  the  /oUowing: 

DO'S;  . 

1.  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
righthand  column  of  the  shipping  list.  If  numbers  do  not  match,  take  action 
to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a 
note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  acrcjss  from  column 
to  column.  f 

3.  Use  a  medium  sharp  #1  or  #2  black  lead  pencil  for  marking  answer  sheet. 

^  Circle  the  correct  answej  in  this  test  booklet.  After  you  are  sure  of  your 
answers,  transfef  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  eraser. 
But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible.  v 

5.  ,Takc  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 
Form  17. 

DONTS:  ' 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2.  ^  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double 

marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 
errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet 

4.  Don*t  use  ink  or  any  marking  other  than  a  #1  or  #2  black  Wad  pencil 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED 
ON  THE  VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  each 
item  number  on  the  VRE  is  the  Learning  Objective  Number  where  the 
answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Lepxnlng  Objectives  indicated  by  these  Numbers.  The 
^     VRE  jresults  w|l![  be  sSift'  to  you  on  a  postcard  which  will  list  the  actual 
^     VRE  items  ydu^missed.  Go  to  the  VRE  booklet  and  locate  the  Learning 
*     Objective  Numbers  for  the  items  missed.  Go  to  the  text  and  carefully 
review  the  areas  covered  by  these  references.  Review  the  entire  VRE  again 
s    before  you  take  the  closed-book  Course  Examination. 
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Note  to  Students  This  Volume  Review  Exercise  contains  67  four-option  items  and 
1  three-option  item. 


Multiple  Choice 


1,  (200)    A  plane  curv5,  the  path  of  a  point  the  sum  of  whose  distances  iP^T.lihe 
foci  (two  fixed  points)  is  constant;  a  conic  section,  the  closed  intersection  of 
a  plane  with  a  ^ight  circular  cone  perpendicular  to  its  side,  describes 

a.  a  helix,  c,    eccentric  circles, 

b.  an  ellipse.  d,    concentric  circles, 

2,  (200)    When  two  circles  are  tangent  to  each  other,  the  straight  line  joining 
their  centers  passes  through 

a,  the  major  axis,  '  c,    the  point  of  tangency. 

b,  the  minor  axis,  d,    parallel  lines, 

3,  (201)    Which  of  the  following  statements  abou^  the  relationship  of  line  is  not 
correct? 

a,    A  line  is  an  imaginary  geometric  figure, 
b-    A  line  does  exist  in  nature, 

c,  A  line  is  generated  by  a  point  in  notion, 

d,  A  line  that  has  the  same  direction  for  its  entire  length  is  a  straight  line. 

4,  (201)    A  line  that  changes  in  direction  along  its  entire  length  is  a 

a,  cu2^ed  line,  c,    straight  line, 

b,  broken  line,  d,  helix, 

5,  (201)    A  flat  surface  that  is  generated  by  a  straight  line  moving  in  a  direction 
other  them  its  length  is  a  ^ 

a,  curved  line,  c,  prism, 

b,  cylinder,  •         d,  plane, 

6,  (202)    When  two  straight  lines  meet  at  a  point,  which  of  the  following  figures 
is  formed? 

a,  A  rhombus,  c,    A  prism, 

b.  An  angle,  d,    A  triangle, 

7,  (202)    A  plAne  figure  bound  by  three  straight  sides  is  a 

a,  rectangle.  c,  pentagon, 

b,  trapezoid.  d,  triangle. 

8,  (203)    Which  bne  of  the  following' statements  about  bisecting  a  straight  line 
by  the  T-square  and  triangular  method  is  correct? 

a.  Points  are  located  on  each  side  of  the  line,  and  then  the  bisector  connecting 
them  is  drawn.  ^ 

b.  Either  a  45*  triangle  or  a  30»-60*  triangle  may  be  uJfe. 

c.  Two  drafting  triangles  are  required. 

d.  The  bisector  is  not  perpendiculeuj*  to  the  bisected  line. 
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9.     (203)    Which  one  of  the  following  statements  about  the  procedure  for  bisecting 
a  line  with  a  compasB  is  entirely  correct? 

a.  The  compass  should  be  set  to  a  radius  greater  than  the  length  of  the  line. 

b.  The  compass  should  be  set  to. a  radius  less  than  one-half  the  length  of  the 
line.  ' 

c.  Two  pairs  of  intersecting  arcs  are  required. 

d.  When  one  set  of  intersecting  arcs  is  drawn,  the  radius  of  the  compass  rftay 
be  changed  slightly  to  draw  the  other  set,  if  desired. 


10.     (204)    A  line  can  be  drawn  parallel  to  a  given  curved  line  at  a  given  distance  by 


a.  striking  a  series  of  arcs  of  the  given  radius  with  centers  selected  at 
random  on  the  given  curve,  and  then  drawing  tangents  to  the  arcs  with  an 
irregul£tr  curve  • 

b.  placing  the  irregular  curve  in  a  position  which  coincides  with  the  given 
curve  at  the  given  distance #  and  then  drawing  the  parallel  curve.  . 

c.  erecting  perpend iculaurs  from  the  given  curved  line  to  establish  points  for 
drawing  the  parallel  curve  with  the  irregular  curve. 

d.  establishing  given  radius  points  with  a  scale,  and  then  using  tlie  irregular 
curve  to  complete  the  parallel  curve. 


11.*    (204)    Curved  parallel  lines  can  only  be  drawn  by 


a.    trial  and  error.  c.    geometric  construction.  ^ 

'*  b.    the  hypoi^enuse  method,  d.    the  pin-and- string  method. 

12.  (205)    Dividing  a  given  straight  line  into  a  number  of  equal  parts  requires  that 

a.  a  corresponding  number  of  equally  spaced  parallel  lines  be  drawn  to  the 
given  line  from  an  angular  construction  line  of  any  appropriate  length. 

b.  twice  the  number  of  equally  spaced  parallel  lines  be  drawn  to  the  given  line 
from  an  angular  construction  line  of  any  appropriate  length. 

c.  a  corresponding  number  of  equally  spaced  parallel  lines  be  drawn  to  the 
given  line  from  an  angular  construction  line  which  is  the  same  length  as  the 
given  line.  * 

d.  a  corresponding  number  of  equally  spaced  perpendiculars  be  constructed  from 
an  angular  construction  line  to  the  given  line. 

13.  (206)    Which  one  of  the  following  statement^  is  correct  when  constructing  a 
line  tangent  to  a  circle  at  a  point?  ' 

a.  A  tangent  to  a  circle  is  perpendicular  to  a  radius  at  the  point  of  tangency. 

b.  A  tangent  to  a  circle  is  never  perpendicular  to  a  radius  at  the  point  of 
tangency .  ) 

c.  A  line  tangent , to  a  circle  is  onlW  perpendicular  to  a  radius  when  using  a  45' 
triangle.  '  \ 

d.  A  line  tangent,  to  a  circle  is  sometimes  (but  not  always)  perpendicular  to  a 
radius  at  the  point  of  tangency.  1 

14.  (206)    When  a  tangent  to  a  circle  is^rawn  by  means  of  triangles,  the 

a.  triangles  must  be  a  30»-6O*  triangle, 

b.  tanient  is  perpendicular  to  a  radius  of  the  circle. 

c.  tang^njt  is  not  perpendicular  to  a  radius  of  the  circle. 

d.  triangle  must  be  a  45®  triangle. 

15.  (207)    To  <i^w  a  tangent  to  a  circle  through  a  point  outside  the  circle,  the 
point  must  be^ 

^  / 

a.  measured  from  the  circle.  c.    parallel  to  the  90"  line. 

b.  given.  d.     270"  from  0"  on  the  circle. 
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16.     (207)    When  drawing  a  tangent  to  a  circle  through  a  point  outside  the  circle 
using  the  Draftsman's  method/  one  must 

a.  use  the  divider  to  stop  off  the  point. 

b.  place  a  triangle  90*  from  the  center  of  the  circle  and  the  point. 

c.  jjj.ace  a  triangle  so  that  one  side  passes  through  the  point  and  is  tangent 
to  the  circle. 

d.  draw  the  tangent  and  then  establish  the  point. 


17. 


(208)  When  drawing  an  arc  t^angent  to  a  straight  line  and  an  arc  or  a  circle,  the 
first  step  is  to 


a.  take  the  given  radii  1  and  2  and  strike  an  arc  from  the  center  of  the  circle, 
or  arc. 

b.  draw  a  line  parallel  to  the  given  line. 

c.  draw  a  line  parallel  to  the  given  line  halfway  between  the  circlje  and  the 
given  line. 

d.  adjust  the  con^ss  to  a  distance  equal  to  twice  the  distance  of  R^. 

18.  (209)    Which  type  of  tariangle  can  be  constructed  by  drawing  a  semicircle? 

a.  Isosceles.  c.  Equilateral. 

b.  Acute.  d.  Right. 

19.  (209)    :^en  all  three  sides a  triangle  are  given,  how  many  arcs  are  required 
to  construct  a  triangle? 

a.    1.  'c,  3. 

2.  '  d.    4.  ^ 

20.  (210)    The  procedure  for  constructing  a  regular  polygon  with  two  sets  of 
parallel  lines  could  be  the  construction  of 

a.    a  pentagon.  c.    a  hexagon. 

*    b.    an  octagon.  d.  •  a  square.  . 

21.  (211)    When  a  pentagon  is  to  be  inscribed  within  a  given  circle,  what  determines 
the  dimensions  of  the  pentagon? 

a.  The  length  of  the  diameter  of  the  circle. 

b.  The  length  of  a  tangent  to  the  circle. 

c.  The  sum  of  the  degrees  of  the  internal  angles  of  the  pentagon. 

d.  The  intersection  point  of  the  perpendicular  bisectors  of  the  chords. 

22.  (211)    When  you  are  constructing  a  regular  pentagon  with  length  of  one  side 
given  and  the  semicircle  drawn,  what  instniment  is  used  to  divide  the  semicircle 
into  five  equal  parts  by  trial  and  error? 

a.  Dividers.  c.  Protractor. 

b.  Scales.  -  ^  d.  Triangles. 

23.  (21?)    When  you  are  constructing  a  hexagon  that  is  not  inscribed  in  or 
circumscribed  about  a  circle,  you  must  use  the  across  comer  method 

a.  with  a  compass.  c.    using  a  T-squ2u:e  only. 

b.  with  a  30»-6O*»  triangle.  4.    using  a  45*  triangle. 


~       ,  ft'. 

24.  (212)    WhicS  of         following  is  the  first  step  in  constructing  a  regular 
hexagon  with  width ^across  flats,  given? 

a.    Draw  a  circle  with  a  line  whose  ^Length  is  the  same  as  the  width  across  the 

flats^as  the  dicuaeter.         ^         *  ^  . 
i).  ,Draw  -a  aircle  with  any  distance  as  a  diamefter. 
•c.'.Draw  the  vertical ^emd  horizpntal  center  lines, 
d.'  Draw  two  construction  lines  making  a  30*  angle  with  line  AB. 

25.  (213)  Which  one  of  the  following  procedures  is  correct  for  constructing  a 
regular  octagon  with  distemce  across  comers  known?  '  •    .  . 

a.    A  circle  with  its  radius  equad  to  the  distance*  across  the  comers  is  drawn.  *r 

The' diametrical  lines  are  drawn  to  divide  the  circle  into  eight  equal  parts 

Jby  means  of  a  45*  triau^le.  -  - 

b«    A  circld  with  its  diameter  equal  to  the  distance  across  the  corners  is 

drawn.    Then  diametrical  lines  are  drawn  to  divide  the  circle  into  four 

equal  parts  by  m^auis  of  a  45*  triangle.  * 

c.  A  circle  with  its  diameter  equal  to  the  distance  across  the  corners  is 
drawn.    Then  diametrical  lines  are  drawn  to  divide  the  circle  into  eight 
equal  parts  by  fusing  a  3O*-60*  triangle. 

d.  *  A  square  with  its  isides  equal  to  the  distance  across  the  corners  is  drawn. 

Then  diagonals  are  drawn  to  divide  the' square  into  eight , equal  parts. 

26.  (213)    The  two  methods  for  constructing  a  regular  octagon  are  described  as 
using  the  width  across  flats  and  the  width  across  corners,    Wh^at  is  meant  by 

flats?  '  '  .V 

,  ,  • 

a.  The  distances  measured  from  one  flat  surface  to^another  parallel  flat 

surface* 

b.  .  Any  surface'  of  an  octagon. 

c.  The  distances  measured  front  any  corner. 

d.  The  distances  measured  firojn  the  center. 

27.  (214)    When  drawing  a  regular  polygon,  you  should  always  divide  the  semicircle 

into     ^  *  . 


a.  one  less  division  than  needed., 

b.  one  more  division  than  needed. 

c.  the  same  number  of  divisions  as  sides. 

d.  two  less  divisions  than  needed. 

28.  (215)    When  you  are  drawing  an  ellipse  using  the  foci  method,  the  focus  points 
are  located  by  usina  a  compass  radius  equal  to  ' 

a.  the  major  axis  mYnus  one-half  the  minor  aixis. 

b.  .  the  major  axis  minus  the  ,minor  axis.  . 

c.  onerhalf  the  major  axis, 
.d.    one-half  the  minor  axis. 

^  .  -  '  'r 

29.  (215)    Which  of  the  following  methods  will  only  result  in  an  approximate 
ellipse? 

a.  Pin-and-string  method.  c.    Foci  method- 

b.  Trammel  method*     "  d.    Concentric-circle  method. 

30.  (il6)    When  you  are  constructing  a  patrabola  by  the  focus  method,  the  vertex  of 
the  parabola  is  establSn^  by  \^ — 

a.  bisecting  the  distancje  between  the  directrix  and  the  focus  point. 

b.  using  one- fourth  the  length  of  the  parabola's  major  axis. 
'    c.  the  lengti  of  the  directrix. 

d.  the  intersection  of  the  parabola  with  its  axis. 
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31. 


(216)  To  construct  a  parabola  by  the  intersection  method,  what  d^ensions  are 
given? 


a.  .  The  rise  and  two  points  on  the  paJrabola.  ' 

b.  Two  points  on  the  parabola. 

c.  One  point  on  the  par^ibola  and  the  span. 

d.  The  rise  and  span. 

32.  *  (217)    To  construct  a  hyperbola  by  the  foci  method,  what  dimensions  must  be  given? 

a.  The  foci  and  a  point  on  the  hyperbola. 

b.  The  length  of,  the  transverse  axis  and  two  points  on  the  hyperbola. 

c.  The' vertices  and  the  foci. 

d.  The  length  of  the  transverse  axis  and  the  foci. 

33.  (217)    To  construct  a  hyperbola  by  the  intersection  method,  what  information 
must  be  given? 

a.  The  vertex^ and  one  given  point  on  the  hyperbolic  curve. 

b.  Four  symmetrically  placed  points  on  the  hypt^bolic  curve. 

c.  The  vertex  and  two  symmetrically  placed  points  on  the  curve. 

d.  The  shape  of  the  parabolic  curve.  . 

-34.     (218)    What  geometric  figure  is  a  spiral  curve  made  as  if  by  a  point  on  a 
perfectly  taut  string  as  it  unwinds  from  around  any  object  or  itseif? 

a.  An  irregular  polygon.  c.    hn  ellipse. 

b.  An  involute.  d.    A  hyperbola. 

35.  (218)    For  which  one  of  the  following  drawings  may  a  fircle  be  regarded  as  a 
polygon  having  an  infinite  number  of  sides? 

a,  .    An 'irregular  polygon.  c.    An  involute  of -a  circle. 

b.  '   An  ellipse.  «  d.    A  hyperbola. 

36.  (219)    What  is  a  curve  generated  by  a  point  on  the  circumference  of  a  circle 
which  rolls  along  a  straight  line?  y 

a.  Hyperbola.  c.  Cycloid. 

b .  Parabola .  d .    Ellipse . 

37.  (219)    What  is  a  spiral  of  Archimedes  and  how  is  it  often  used? 

a.  It  is  a  figure  generated  by  a  point  moving  around  a  fixed  point  in  a  manner 
that  the  distance  from  the  pole  increases  uniformly  with  the. angle.    It  is 
used  often  in  cam  design.  ^ 

b.  It  is  the  figure  generated  by  the  end  of  a  piece  of  string  ^  the  string 
is  unwound  from  a  circle.    It  is  often  used  in  cam  design. 

c.  It  is  a  figure  generated  by  ^  point  moving  around  a  fixed  point  in  a  manner 
that  the  distance  from  the  pole *increases  .uniformly  with  the  angle.    It  is 
often  used  to  outline  gear  teeth. 

d.  It  is  the  fig\ire  which  results  from  winding  a  piece  of  string  uniformly 
aroond  a  cylinder.    It  is  used  in  cam  design. 

38.  (220)    Any  projection  made  by  lines  of  sight  which  are  perpendicular  to  the 
image  plane  is 

a.  a  central  projection.  c.    an  oblique  prdjection. 

b.  an  orthographic  projection.  d.    a  trimetric  projection. 
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39.  (220)    When  the  glass  box  is  opened,  how  do  the  views  appear  on  paper  when  they 
coincide  with  the  front  plane? 

a\    The  front  view,  top  view,  euid  right-side  v'iew  are  in  the  same  vertical  line, 
b.    The  front  view,  right-side  view,  and  bayk  view  are  in  the  same  horizontal 
line. 

,c.  The  front  view,  top  view,' and  bottom  view  are  in  the  same  horizontal  line. — ^ 
*'d.    All  views  lie  in  the  same  line  when  they  coincide  with  the  front  plane.  ^ 

40.  (221)     The  basic  purpose  of  all  multivi^  projections  is  to  show 

a;    the  approximate  size  of  the  object  being  represented. 

b.  the  approximate  size  and  shape  of  the  object  being  represented. 

c.  all  six  views  of  the  object  being  represented. 

d.  .  the  true  size  and  shape  of  the  object  being  represented. 

41.  (221)    Which  views  axe  necessary  in  most  multiyiew  drawings? 

a.  Back/  front,  and  top  views. 

b.  Front/  right-side,  and  top  views. 

c.  Front/  left-side,  and  bottom  views. 

d.  All  six  views. 

42.  (222)    A  half  view  , of  a  drawing  should  always  be  the  portion 

a.  showing  the  most  detail  of  the  drawing. 

b.  nearest  to  the  other  half  of  the  drawing, 

c.  nearest  to  the  full  view  of  the  drawing. 

d.  nearest  to  the  top  view  of  the  drawing. 

43.  (222)     ^ihy  is  it  permissible  to  draw  a  right*side  view  of  the  top  of  an  object 
as  opposed  to  the  conventional  three-view  method? 

a.  It  appears  to  give  better  balance  to  the  page  and  achieves  tlje  same  purpos^. 

b.  It  leaves  large  open  areas.  ' 

c.  It  appears  to  give  better  balance,  but  leaves  large  open  areas. 

d.  ^It  has  no  particuleur  advantage  over  the  conventional  method. 

44.  (223)    When  a  surface  is  at  an  acute  or  obtuse  angle  to  all  parallel  or  principal 
planes  of  prbjection,  it  is  said  to  be 

a.  a  right  angle.  c.     an  auxiliary  surface. 

b.  an  oblique  surface.  d.     an  auxiliary  angle. 

45.  (224)     In  what  type  of  projection  is  the  image  plame  between  the  observer  and 
one  face  of  the  object?  ^  • 

« 

a.  First  angle  projection.  c.    Third  angle  projection. 

b.  Oblique  projection.  d.    Central  projection. 

46.  (224)     When  the  right-side  view  is  projected  with  the  object  between  the  observer 
and  the  profile  p\ane,  the  type  of  projection  is  • 

a.  first  angle.  c.    third  angle. 

b.  oblique.  d.  central. 

47.  (225)     In  which  of  the  following  types  of  projection  would  each  angle  formed  by 
the  axonometric  axes  equal  120*9 

a.  Perspective  projection.  c.    Isometric  projection. 

b.  Trimetric  projection.  d.    Dimetric  projection. 
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48.  (225)    What  method  is  used  to  draw  nonisometric  lines  in  an  isometric  drawing? 

k.    Coordinate.  c.    Nonisometric  projection. 

b.    Orthographic  projection.  d.    Drawing  parallel  projection. 

49.  (226)    In  a  ceUsinet  drawing^  which  dimensions  are  one-half  thos^  of  a  cavalier 
drawii^ 

a.  All  dimensions.      *  c.    OiU.y  the  horizontal  lines. 

b.  Only  the  vertical  lines.  d.    Only  the  receding  lines. 

50.  '    (226)     In  what  way  is  the  oblique  box  construction  similar  to  the  isometric  box? 

a.  In  both  constructions  the  boxes  can  be  completed  by  using  paurallel  lines. 

b.  The  front  view  is  pcirallel  with  the  image  plane  in  both  constructions. 

c.  In  neither  construction  can  receding  edges  be  shown  in  true  length.  ^ 

d.  The  three  major  axes  in  each  construction  make  similar  angles  with  th%^ 
image  plane. 

51.  (227)    What  is  the  effect  of  passing  a  cutting  plane  through  an  obiect? 

a.  Solid  outlines  au:e  eliminated. 

b.  The  portion  of  the  object  behind  the  plane  is  removed. 

c.  Internal  features  can  be  viewed  through  the  plane.  ^ 

d.  The  need  for  am  orthographic  view  is  eliminated. 

'52.     (227)    What  are  the  three  types  of  cutting  planes? 

a.  Full  section,  half  section,  and  quarter  section. 

b.  Full  section,  removed  section,  and  quarter  section. 

c.  Full  section,  offset  section,  and  half  section. 

d.  Full  section,  offset  section,  and  quarter  section. 

53.  (229)    Which  of  the  following  options  is  correct  about  hidden  lines  in  a 
half -sectional  view? 

a.  Hidden  lines  should  never  be  shown  on  a  half  section  for  dimensioning 
purposes . 

b.  If  hidden  lines  are  retired  for  dimensioning,  they  should  be  shown. 

c.  If  hidden  .lines  are  required,  they  should  be  dimensioned  on  a  full  view. 

54.  '(229)    An  offset  section  is  a 

a.  section  set  aside  from  the  main  drawing.  1 

b.  partial  section  of  the  drawing. 

c.  full-section  view,  bending  the  outlying  plane  to  expose  features  which 
otherwise  would  not  show.  , 

d.  half-sectional  view,  bending  the  cutting  plane  to  expose  features  which 
otherwise  would  not  show. 

55.  (230)    Conventional  violations  are 

a.  drawings  that  are  altered  for  more  artistic  presentation. 

b.  any  approved  variation  from  true  projection,  simplifying  without  sacrificing 
accuracy . 

c.  drawings  tliat  are  not  altered  in  any  way. 

d.  removed  sections  enlarged  so  that  the  information  contained  within  is  shown 
in  detail. 
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56.  (230)    Is  the  conven£ional  method  o^/^howing  a  spoke  revolved  an  a  s.ectional 
view  misleading?  Why? 

a.  No,  because  the  actual  position  of  the  spoke  is  shown  in  the  front  view. 

b.  YeSf  because  the  actual  position  of  the  spoke  is  n^o^^as  it  is  shown  in  the 
front  view. 

c.  YeSf  because  the  sectional  view  is  misleading. 

d.  ^Yes,  because  the  sectional  view  exposes  more  than  one  spoke. 

57.  (231)    Which  statement  about  a  primary  auxilieiry  view  is  true? 

a.  It  is  not  used  as  a  partial  view. 

b.  It  is  used  to  show  how  the  entire  object  appears. 

c.  It  is  pro;)ected  from  a  principal  view  in  which  cin  inclined  surface  appears 
as  a  line. 

d.  It  is  projected  from  a  principal  view  in  which  an  inclined  surface  appears 
foreshortened* 

t, 

58.  (231)    What  determines  the  slope  and  length  of „the  reference  line  in  an 
auxiliaury  view  of  a  nonsymmetrical  object? 

a.  The  slope  cmd  length  are  determined  by  measurements  obtained  from  the  plan 
view. 

b.  The  slope  is  obtained  from  the  front  view  cind  the  length  is  obtained  by 
measurement  of  the  plan  view. 

c.  The  slope  and  length  of  the  reference  line  aiXe  the  same  as  the  inclined 
siirface  in  the  front  view. 

d.  The  references-line  may  be  drawn  at  any  angle  with  the  horizontal  and  its 
lengthf  equal  to  the  inclined  surface . 

59.  (232)    What  kind  of  lines  cire  the  thin  solid  lines  placed  on  a  drawing  for 
dimensioning  piarppses?  ^ 

a.  Center  lines,  extension  lines,  and  leader  lines. 

b.  Dimension  lines ,* center  lines,  and  extension  lines.  ^ 

c.  Extension  lin^s,  dimension  lines,  and  center  lines. 

d.  Extension  lines,  dimension  lines »  and-^^ader  lines. 


60.  (232)    The  length  of  the  arrowhead  with  cujH/ed  sides  is  how  many  times  the  width? 

a.  1.  c.  3. 

b.  2.  d.  4. 

61.  (232)    A  finish  mark  indicates  that 

a.  the  surface  6f  that  metal  pcirt  must  be  finished  in  some  manner. 

b.  the  surface  of  that  metal  part  is  not  to  be  finished. 

c.  all  metal  surfaces  cu:e  finished.  f 

d.  all  metal  surfaces  are  to  be  finished. 


62.     (233)     Since  every  solid  object  has  three  dimensions  (height,  width,  and  depth), 
dimensioning  these  distances  is  called 

J 

a.    locatimi  dimensions.  ^  c.    standard  dimensions.^ 

,  b.    size  dimensions.  d.    regulcir  dimensions. 


63.     (233)    For  dimensioning  purposes,  circles,  arcs,  angles,  chamfers,  tapers,  holes, 

countersinks,  counterbores ,  spotfaces,  and  rounded  ends  are  considered 

a.  special  features.  *  c.    standard  features. 

b.  essentiad  features.  d.    regular  features. 
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64.  (234)    When  dimensioning  basic  geometric  forms,  dimensions  should  be 

a.  placed  between  views  whei^er  possible. 

b.  placed  on  the  views  whenever  possible. 

c.  duplicated  whenever  possible. 

d.  placed  to  the  right  on  all  views. 

65.  (234)    vnien  space  for  dimensioning  is  limited,  what  arrangements  are  usually  used 
for  placing  the  dimensions? 

a.  Leave  some  of  the  dimensions  off. 

b.  Leave  all  the  dimensions  off. 

c.  A  staggered  arrangement  is  used. 

d.  Only  dimension  the  front  view. 

66.  (235)    The  space  between  two  mating  parts  is  the 


a.  tolerance  limit.  c.  interference. 

b.  allowance.  d.  clearance. 


67.  (235)    The  variation,  positive  or  negative,  by  which  a  size  is^  permitted  to 
depart  from  the  design  or  preferred  size  is  called 

a.  tolerance  limit.  c.  interference. 

b.  unilateral  toleramcing.  d.  clearance. 

68.  (235)    When  extreme  accuracy  is  an  important  factor  in  tolerancing  a  group  of 
consecutive  dimensions,  which  type  of  tolferancing  should  you  use? 

a.  Cumulative.  c.  Bilateral. 

b.  Noncumulative.  d.  Unilateral. 
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Preface 

• 

THIS  VOLUME  is  a  continuationr  of  the  previous  volume,  Applied  Basic  Drafting 
TecHnique  (Part  //  In  this  volume  (Part  II),  machine  drafting  involves  the  drafting  or 
drawing  practices  and  conventions  which  have  been  developed  for  the  field  of 
mechanical  engineering  and  for  those  jobs  which  are  done  in  the  shops  and  factories. 
These  practices  are  presented  through  the  study  ctf  fasteners,  intersections  and 
developments,  and  structural  drawings.  When  this  information  is  combined  with  the 
previous  information  of  the  other  volt^niw^^  you  should  be  able  to  make  satisfactory , 
engineering  drawing  of  machine  details  and  assemblies. 

If  you  have  questions  on  the  accuracy  or  cune^cy  of  the  subject  matter  of  thcitext,  or 
rcconmiendations  for  its  improvement,  send  them  to  Tech  Tng  Acn/TTOC,  Lowry 
AFB  CO  80230.  NOTE:  Do  not  use  th^  suggestion  program  to  submit  corrections  for 
typographical  or  other  errqrs. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECFs 
instructional  aids  (Your  Key  to  Career  Development,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO  as  appropriate.  If  he  can't  answer  your  questions,  send  them 
\o  ECI,  Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
^   Assistance.      ^  > 

'This  volume  is  valued  at  24  hours  (8  poinu). 

Material  in  this  volunje  is  technically  accurate,  adequate,  and  current  as  of  February 
1975. 
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CHAPTER     1  ' 


NOTE:  In-  this  volume,  tilt  subject  matter  is  developed  by  a  series  of  Learning  Objectives. 
Each  of  these  carries  a  3fligit  number  and  is.  in  boldface  type.  Each  sets  a  learning  goal  for  you. 
The  text  that  follows  the  objective  gives  you  the  information  you  need  to  reach  that  goal.  The 
exercises  following  the  infonnation  give  you  a  check  on  your  achievement.  When  you  complete 
tbemr'see  if  your  answers  match  those  in  the  back  of  this  volume.  If  your  response  to  an 
exercise  is  incorrect^  review  the  objective  and  its  text 


Machine  Drawings 


WHEN  A  COMPIEX  piece  of  machinery  is  to  be 
made,  wk/cthcr  it  will  be  produced  as  a  single  unit  or 
in  quantify,  the  problems  involved  arc  worked  out 
on  a  drawing  board.  First  the  design  dralving  is 
made  from  sketches,  then  detail  drawings  of  each* 
part  arc  made  from  this  design  drawing.  Finally,  an 
assembly  drawing  is  drawn  to  \show  how  the 
machine  is  assembled.  Often  a  mistake  in  a  detail 
drawing  shows  up  on  the  assembly  drawing— thus 
an  assembly  serves  as  a  checlf  on  the  earlier  work. 

The  detail  and  assembly  drawings  of  a  piece  of 
machinery  comprise  the  working  drawings  from 
which  the  Jn^hinc  is  made.  Design  and  display  • 
drawings  arc  intended  for  btlier  purposes. 

A  working  drawing  tells  what  manufacturing 
processes  and  materials  are  used,  and  how  the 
different  parts  arc  assembled  and  finished,  as. well  as 
<i(iimensioned. 

You  must  ht  thoroughly  familiar  'with  the 
different  typcsrM  fasteners  used  in  the  making  and 
assembling  of  different  unit  parts.  In  addition  to 
knowing  Ij^eir  design  and  use,  you  must  know  how 
to  draw  them.  The  simplest  type  of  fasteners  such  as 
nails  and  wood  screws  arc  seldom  shoAvn  on  a 
working  drawing.  On  the  other  hand,  bolts, 
structural  screws,  and  threaded  parts  arc  always 
drawn  and  identified  according  to  an  approved 
practice.  They  may  be  drawn  as  true  projections  or 
represented  as  symbols.  In  spoic  industries  it  is 
permissible  to  omit  the  outline  view  of  fasteners  and 
just  specify  their  location,  type,  and  size  by  notes. 
However,  where  there  is  a  chance  for 
misunderstanding,  a  detailed  draN  ng  of  thc  part 
should  be  drawn.  This  is  especial  true  in  detail 
drawings  where  threaded  parts  aroAi.  fasteners, 
in  parts  designed  to  transmit  meA)  i,  and  in  parts 
serving  as  adjusting  rhechanisms. 


1-1.  Pdsteners  >^  X 

In  manufacturing  or  putting  togethe^ny  large 
structural  assembly,  there  are  various  ways  to  fasten 
parts  together.  The  fastener  must  be  suited  to  the 
materials  being  fastened  together.  Because  of  the 
importance  of  fasteners  in  structural  assembly,  the 
graphic  specialist  needs  to  havc\  a  thorough 
understanding  of  different  fastening /processes. 

400.  Name  four  fasteners  from  each  of  the  two 
main  types  of  fasteners  and  complete  sentences' 
relating  to,  the  different  types  of  nails. 

All  fasteners  are  classified  into  two  main  gr^oups. 
One  group  includes  fasteners  of  a  permiinenl 
nature.  Permanent  fftsteners  are  nails,  rivets,  wood 
screws,  and  welding.  j 

The  second   group  of  fasteners   are  those 
permitting    parts    to    be   disassembled  and 
je-assembled  whenever  necessary.  Such  devices  as 
pins,  keys,  cap  screws,  set  screws,  machine  screws,^ 
and  bohs  makVup  this  category. 

Nails  are  classified  in  these  categories— common, 
box,  casing,  finishing  and  tacks.  (See  fig.  l-l.) Nails 
are  sized  accor«ding  to  weight  and  are  designated  by 
the  term  penny  or  pemy  weight,  (Symbol:  d).  The 
term  penny  refers  to  the  weight  per  thousand.  Thus 
a  lOd  nail  means  that  there  are  ten  pounds  by  weight 
per  thousand  nails,  a  direct  weight,  to  size 
relationship. 

Common  nails  are— as  the  term  common 
implies— the  most  frequently  used.  They  are  larger 
in  diameter  with  wider  heads  and  are  used  mostly 
for  rough  carpentry  work.  Box  nails,  like  common 
nails,  have  the  wide  head,  but  a  thin  or  smaller 
diameter.  They  are  used  extensively  in  box' 
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Figure  !-!.  Common  fastenen. 


construction  or  any  situation,  requinng  two  end 
pieces  tolbe  joined  and  where  a  common  nail  would 
be  unsuitable. 

Casing  nails  have  smaller  head  size  and  diameter 
thap  the  box  nails  and  are  designed  eipecially  for 
blind  nailing.  Blind  nailing  is  used  in  the  finishing  of 
flooring,  ceilings,  and  cabinet  work  where  large 
heads  are  undesirable.  Finishing  nails  have  the 
smallest  diameter  and  head.  These  nails  are  used 
mainly  for  cabinet  work  and  furniture  construction 
where  it  is  often  necessary  to  sink  the  nail  head 
below  the  material  surface,  i^rj^jarealso  fmishing 


nails,  these  smallest  type  of  fmishing  nails  are  sized 
by  the  length  in  inches  and  the  gage  number  of  the 
wire.  The  higher  the  gage  number*  the  smaller  the 
diameter. 

Tacks  are  used  mostly  for  fastening  through 
materials  to  wooden  or  other  framing  and  holding 
surfaces.  Sizes  of  tacks  and  their  length  Are 
indicated  by  the  gage  number.  When  illustrating 
nails,  brads»  and  tacks»  a  note  on  the  drawing-is 
indicated  such  as: 

'  6d-FINlSHING  NAIL  ^ 

r-NO  18  BRAD 
No  4— UPHOLSTERING  TACK 
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Exercises  (400): 

1.  Name  four  permanent  fasteners  and  four 
fastcncrs-a^hich  pcrmiLpailsJiiic  disassembled., 
and  re*asscmbled  whenever  necessary. 

2.  The  .term  ,   refers  to  the  weighjt  per 

thousand  bf  nails.  ] 


3.  A  nail  designed  especially  for  blind  nailing  is  the 


4.  When^a  nail  has  a  large  head  and  shaft,  it  is  often 
referred  to  as  a  

5.  The  smallest  type  of  fmishing  nail  is  called  a 


1-2.  Screw  Threads 

A  screw  thread  is  a  ridge  in  the  form  of  a  helix  on 
the  external  or  internal  surface  of  a  cylinder,  tone, 
or  a*fi»5trum  of  a  cone.  The  threads  formed  on  a 
cylinder^'  are  straight  or  pqrallel  threads,  as 
distinguished  from  the  taper  r/iread  which  is  formed 
on  a  cone  or  frustrum  of  a  feone.* 

Threads  have  three  basic  purposes:  to  fasten,  to 
adjust,  and  to  transmit  power. 

401.  Match  selected  definitions  tnd  thread  terms 
relating  to  types  of  screw  thread. 

The  Helix.  There  are  very  few  machines  or 
structures  that  do  not  have  a  helix  somewhere  in 
their  makeup,  either  as  a  screw  thread  or  a  coil^ 
spring.  The  helix  is  a  double-curved  line  generated 

a  point  moving  around  an  axis  and  parallel  to 
that  axis  at  the  same  time.  If  the  point  remains  a 
fixed  distance  from  the  axis,  a  cylindrical  helix  is 
generated  since  the  point  is  traveling  around  the 
surface  of  a  cylinder.  If  the  point  moves  on  the 
surface  of  a  cone  so  that  it  revolves  around  the  axis 
as  it  travels  toward  the  vertex  of  the  cone,  it 
generates  a  conical  helix.  An  example  of  a  conical 
helix  IS  a  conicakBpring.  ^ 

Figure  N2  shows  the  top  and  front  view  of  a 
cylindrical  helix  which  is  generated  by  a  poi'nt 
starting  from  A  and  traveling  gradually  up  and 


aroimd  the  surface  of  the  cylinder.  While  the  point 
travels  around  the -cylinder  once,  it  moves  the 
distance  L  parallel  to  the  axis  of  the  cylinder.  The 
distance  L  is  called  the  lead  or-pitchof-the  heliXv-To- 
draw  a  cylindrical  helix,  the  top  view  is  divided  into 
equal  parts,  and  the  pitch  or  lead  is  divided  into  the 
same  number  of  equal  parts.  The  movement  of  the 
point  is  uniform.  When  the  point  moves  from  1  to  2 
in  the  circular  top  view,  it  will  also  move  parallel  to 
the  axis  in  the  front  view  from  1  to  2.  The  front  view 
of  the  helix  can,j^herefore,  be  drawn  by  projection 
as  indj^ated  in  figiire  1*2. 

Although  helical  curves  are  usually  represented 
by  straight  lines,  the  true  projection  of  a  helix  may 
be  used  in  the  const^ctfon  of  thread  drawings. 
However,  true  projection  is  difficult  and  takes 
considerable  time.  Still,  threads  may  be  drawn  in 
true  projection  for  display  drawings  or  when  the 
scale  of  the  drawing  is  such  that  large  diameter 
threads  look  distorted  when  drawn  with  straight 
lines.  In  such  cases,  one  thread  is  drawn  by 
projection,  and  then  the  remaining  helical  curves 
are  drawn  by  using  a  templ^e  cut  to  fitthe  projected 
curve. 

Thread  Terms.  Basic  screw  thread  terminology  is 
given  in  figure  1-3.  The  terms  given  are  defined  as 
follows: 

a.  Major  diameter— the  largest  diameter  of  the 
screw  thread. 

b.  Minor  diameter— the  smallest  diameter  of  the 
screw  thread,  sometimes  called  the  "root  diameter.** 

c.  Pitch  diameter— the  distance  between  two 
imaginary  line^,  one  drawn  through  the  threads  on 
one  side  of  the  screw  and  the  other  line  drawn  on  the 
opposite  side.  These  two  imaginary  lines  would 
di^de  the  threads  so  that  the  width  of  each  thread  is 
equal  to  the  space  between  threads  measured  on  this 
line. 

d.  Lead— the  distance  a  screw  moves  along  its 
axis  during  one  complete  turn. 

e.  Pitch— the  distance  from  any  point  on  a 
thread  to  the  corresponding  point  on  an  adjacent 
thread,  measured  parallehto  the  axis. 

/  Helix  angle— the  angle  the  helix  makes  with  a 
plane  perpendicular  to  the  axis  of  the  screw. 

g.  Thread  angle— the  angle  between  the  sides  of 
adjacent  threads. 

h.  Root— the  bottom  surface  joining  the  sides  of 
adjacent  threads. 

/.  Crest— the  top  surface  joining  the  two  sides  ot 
a  thread. 

/  External  thread— a  thread  which  is  a  ridge 
of  uniform  shape  in  the  form  of  a  helix,  on  the 
outside  of  a  part. 

k.  Internal  thread— a  thread  on  the  inside  of  a 
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DEVELOPMENT  OF  CYLINDER 


Figure  1-2.  The  h?Ux. 


member,  such  as  a  nut  or  a  tapped  hole;  Note  in 
figure  1-3  that  the  crest  of  an  internal  thread 
meshes  with  the  root  of  an  external  thread. 

/.  Depth  of  thread— the  distance  between  the 
root  and  crest  of  a  thread,  measured  perpendicular 
to  the  axis. 

Exercises  (401): 

Match  the  following  terms  and  definitions  by. 
placing  the  letter  of  the  item  from  the  column  on  the 
/ight  beside  the  number  of  the  definition  on  the  left 
it  fits.  Each  term  may  be  used  once,  more  than  once, 
or  not  at  all. 


.  I.  The  disunce  between  the 
root  and  crest  of  a  threads 
measured  perpendicular  to 
the  axis. 

1  The  disUncc  from  any  point 
on  a  .thread  to  the 
correspond in|  point  on  an 
adjacent  thread,  measured 
parallel  to  the  axb. 


J.  crettt 

h.  depth  of  thread 
<'  helix 
d.  lead 
t.  pitch 
/.  root 


 3.  A    double-curved  line 

generated  by  a  point  moving 
around  an  axis  and  parallel 
to  that  axis  at  the  same  time. 

—  4.  The  distance  a  screw  moves 

along  its  axis  during  one 
complete  turn. 

—  5.  The  bottom  surface  joining 

the  sides  of  adjacent  threads. 

 6.  The  top  ^rface  joining  the 

two  sides  of  a  thread. 


402.  Given '  particular  demands  placed  upon 
threads,  identify  the  type  of  thread  that  best  meets 
each  demand* 

Multiple  Threads*  When  all  threads  on  a  bolt  are 
built  on  a  single  helix,  it  is  called  a  single  thread.  A 
double  thread  is  formed  by  two*  parallel  helical 
ridges  wrapped  around  a  cylindrical  body.  >yhen 
tw<jf  or  more  parallel  helices  form  the  thread,  it  is 
called  a  multiple  thread.  In  figure  1-4,  single, 
double,  and  triple  threads  are  compared.  The  lead 
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of  a  single  thread  is  equal  to  the  pitch,  whereas  the 
lead  of  a  double  thread  is  twice  the  pitch.  Therefore 
a  double  thread  advances  twice  as  far  as  a  single 
Uucad  in  "one  cornplct^lurn;  a  triple  thrcacT 
advances  three  times  as  far  as  the  single  thread  in 
one  turn. 

Multiple  threads  are  used  on  parts  where  quick 
action  is  desired  over  power.  The  threads  on  valve 
stems,  jar  caps,  and  other  devices  (where  a 
minimum  of  turning  will  close  or  lock  the  pans 
together)  are  muhiple  threads.  Threads  on  screw- 
type  jacks  are  single  threads  since  the  jack  must  raise 
heavy  loads  without  the  exertion  of  too  much 
turning  effort.  Single  threads,  especially  those  in  the 
fine  thread  scries,  give  slower  advance;  but  they 
have  greater  holding  power  and  will  withstand  more 
stress. 

In  drawing  single  and  multiple  threads,  note  that 
single  and  triple  threads  have  a  root  opposite  a  crest; 
doubte^and  quadruple  threads  have  a  crest  opposite 
a  crest  To  determine  the  number  of  threads  on  a 
bolt,  examine  the  end  to  see  how  many  separate 
threads  terminate  at  the  end.  Single,  double,  and 


triple  threads  have,  respectively. bne^  two,  andtjiree 
threads  showing  at  the  end  of  the, bolt  or  threaded 
hole^  

Typ«  of TKreiufi,  The"diffcrcnt~types^rthreads 
shown  in  figure  1-5  are  standard  thread  forms  which 
meet  most  practical  requirements.  In  some  cases 
these  form^  are  modified  to  meet  special  design 
requirements.  When  a  thread  lhat  is  standard  in 
form  lb  modified  to  include  some  nonstandard 
feature,  such  as  a  change  m  minor  diameter,  the 
special  feature  must  be  indicated  as  "^Special*"  and 
the  special  dimensions  must  be  given. 

A  right-hand  thread  advances  into  a  threaded 
opening  when  the  threaded  part  is  turned  clockwise; 
a  left-hand  thread  advances  when  turned 
counterclockwise.  On  a  drawing  and  in  the  shop,  all 
threads  are  considered  to  be  right-hand  unless 
otherwise  specified.  When  left-hand  threads  arc. 
used,  the  words  **Left-Hand''  must  be  included  in- 
the  thread  identification  notes.  A  right-hand  thread 
of  a  horizontal  axis  always  slants  upward  to  the  left, 
as  shown  in  the  illustrations  contained  in  this 
chapter.  A  left-hand  thread  on  a  horizontal  shank 
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Figure  M.  Muluple  ihrctdi. 


"always  slants  upward  to  the  right.  Where  drawing 
threads  arexoncerncd,  the  difference  in  thread  slant 
is  the  only  difference  between  right-hand  and  left- 
hand  threads. 

If  a  cutting  plane  passes  through  the  axis  of  a 
thread,  the  shape  or  profile  of  the  thread  is  shown  to 
a  better  advanuge.  Figure  1-5  illustrates  several 
thread  profiles  with  dimensions  for  each  type  The 
SHARP-V,   AMERICAN   NATIONAL,  and 
UNIFIED  thread  forms  are  used  primarily  for 
fasteners.  The  SQUARE,  ACME,  and  BUTTRESS 
threads  are  used  to  transmit  motion.  A  thread 
similar  to  the  acme  thread^'is  used  to  form  ^  worm 
thread  on  a  cylindrical  shaft.  A  worm  thread,  in 
mesh  with  the  teeth  on-a  worm-gear  wheel,  is  used  to 
transmit  motion.  KNUCKLE  threads  are  usually  ' 
found  on  lamp  bulbs  and  lamp  sockets,  and  on 
other  objects  where  such  threads  can  be  easily 
formed  by  rolling  or  casting.  Note  that  the 
dimensions  in  figure  1-5  are  given  in  terms  of  pitch 
(P)  and  thread  depth  (h).  No  reference  is  made  to 
specific  major  or  minor  diameters  since  the  pitch 
varies  with  diameter.  When  it  is  necessary  to  draw  a 


standard  bolt  or  threaded  part,  you  should  refer  to 
Tables  of  Standard  Dimensions  which  give  all  basic 
diameters,   threads  per  inch,  and  other  size 


specifications  for  . standard  threads.  / 

The  American  National  thrwKlT  which  is  a 
modified  version  of  the  V-th/cad  but  with  a 
flattened  root  and  crest,  is  the  mosi  common  form 
of  screw  thread  in  use  for  fastening  parts  together. 
The  sharp-V  form  is  little  used,  because  the  crest  of 
the  thread  breaks  even  under  very  little  stress.  The 
acme  thread,  which  is  a  modified  version  of  the 
square  thread,  is  used  to  transmit  motion  and  is 
stronger  than  the  square  thread.  The  buttress  thread 
is  designed  to  take  exceptionally  high  stress  in  one 
direct^  only.  It  is  used  in  the  breechblock 
mecl^ism  of  guns  and  on  aircraft  propeller  hubs. 
The  Unified  thread  is  the  thread  form  agreed  upon 
by  the  Standards  Associations  of  the  United  States, 
Great  Britain,  and  Canada.  This  form,  which  is  a 
compromise  between  United  States  ancf  British 
thread  designs,  provides  for  the  interchange  of  parts 
and  simplification  of  manufacture. 

Exercises  (402): 

1.  What  type  of  threads  are  used  on  pans  where 
quick  action  is  more  important  than  power? 


2.  What  type  of  thread  is  designed  to  take 
exceptionally  high  stress  in  one  direction  only? 


3.  What  type  of  thread  is  used  on  objects  where  the 
threads  must  be  formed  by  rolling  or  casting? 


4.  Which  thread,  used  to  transmit  motion,  is 
stronger  than  the  square  thread? 


1*3.  Drawing  Screw  Threads 

When  the  proejcted  view  of  a  screw  thread  has  a 
diameter  over  1  inch,  the  thready  may  be  drawn  by 
the  method  shown  in  figures  1-3  and  1-4.  This 
method  of  drawing  screw  threads  is  the 
semiconventional  method,  where  helical  curves  are 
represented  by  straight  li?ies.  This  semiconventional 
treatment  of  ihrea'ds  is  not  used  where  thread 
diameters  project  less  than  1  inch.  On^maller  sizes. 


the  threads  aVc^represented  by  symbols.  Where  time 
is  essential,  simplified  symbols  may  be  used  instead 
of  regular  symbols.  These  three  methods  of 
Tep resemlng  t hreads  arc  explained  mlKe  lollowing^ 
paragraphs  and  figures. 

403*  Given  various  procedural  steps  for  drawing 
the  three  semiconventional  threads  and  the  regular 
and  simplified  symbols,  identify  the  particular 
thread  or  symbol  to  which  the  step  belongs, 

Semiconventional  V-Threads,  The  sapie 
semiconventional  symbol  is  used  to  represent 
V-thrcads,  American  National,  and  Unified 
threads,  since  the  flat  roots  and  crests  are 
disregarded  except  on  very  large  drawings.  The 
exact  type  of  thread  must  then  be  designated  by  a 
standard  form  of  note.  The  manner  of  placing  the 
note  on  the  drawing  is  explained  later  in  this 
chapter. 

The  steps  to  follow  in  drawing  semiconventional 
National  threads  are  illustrated  in  figure  1-6.  Stan 
by  laying  out  the  centerline  and  two  parallel  lines  to 
represent  the  outside  diameter.  The  length  of  the 
threaded  part  is  set  off  as  required,  and  the  number 
of  threads  per  inch  for  the  given  diameter  is 
obtained  from  standard  tables. 

The  pitch  distance  is  found  by  dividing  1  inch  by 
the  number  of  threads  per  inch.  The  pitch  distance  is 
then  set  off  along  the  upper  line.  On  the  lower  line,  a 
space  equal  to  one-half  pitch  is  set  off  before 
marking  off  full  pitch  spaces.  Straight  lines 
connecting  pitch  points  establish  the  angle  of  the 
crests  of  the  thread.  For  right-hand  threads,  the 
lines  slope  upward  to  the  left.  Next,  draw  W  lines 
from  each  crest  point;  these  V's  are  vertical  and 
should  not  lean  with' the  thread.  The  intersection^  of 
the  V's  locate  points  which  are  connected  to  form 
foot  hnes.  Note  that  crest  lines  are  sharp,  then  lines, 
whereas  root  lines  are  heavy  lines.  Also  note  that 
root  lines  are  not  parallel  to  crest  lines.  The  end  of 
the  screw  shaft  is  usually  chamfered  at  45°,  and  the 
chamfer  extends  to  the  root  of  the  thread.  When  th.e 
end  if  chamfered,  a  new  crest  line  is  drawn  to  join 
the  crests,  formed  by  the  chamfering  operation.  The 
procedure  for  drawmg  internal  double  threads  in 
section  is  shown  at  the  bottom  of  figure  1-6.  Again, 
root  lines  are  dark  and  crest  lines  are  thin.  However, 
in  internal  threads  the  major  diameter  is  the  depth 
or  root  of  the  depth  or  root  of  the  thread.  (Refer  to 
fig.  1-3.) 

Semiconventional  Square  Threads.  The  steps  for 
drawing  external  and  internal  square  threads  by  the 
semiconventional  method  are  shown  in  figure  1-7. 
In  the  first  step,  lay  out  a  centerline  and  four  parallel 
lines  spaced  a^  shown  and  maflc  off  distances  equal 
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Figure  1-6.  V-lhretds. 


to  one-half  pitch  on  two  outside  lines.  Add 
indicated  inclined  lines  to  establish  the  slope  o/the 
thread  crests.  As  shown  by  the.dotted  lines  in  the 
second  step,  draw  the  short  inclined  lirtS  which 
follow  the  edges  of  each  thread  for  one  (Tomplete 
revblution.  These  short  lines  are  the  visible  portion 
of  the  back  edges  of  the  threads.  To  establish  the 
slope  of  tfie  root  lines,  which  are  added  t6  the  next 
step*  draw  vertical  construction  lines  from  the 
external  corners  of  the  crests.  These  verticals  cross 
the  minor  diameter,  forming  interior  square 
corners.  Root  lines  are  drawp  to  join  these  interior 
corners.  Only  one-half  of  the  root  line  lies  outside 
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the  crest  line;  therefore  only  one-half  of  the  root  line 
IS  drawn,  as  the  other  half  is  mvisible.  In  the  fourth 
step,  all  construction  lines  are  erased,  and  the 
necessary  lines  are  darkened  to  bring  them  to  the 
same  width.  The  root  lines  are  not  accented,  as  in 
the  drawing  of  V-threads. 

Semiconventiontl  Acme  Threads.  The  layout  for 
acme  threads  requires  two  sets  of  three  parallel 
lines,  as  shown  m  figure  1-8.  The  intermediate  lines 
represent  the  pitch  diameter,  and  pitch  distances  are 
set  off  along  these  lines,  as  indicated  in  step  1. 
Through  these  points  on  the  pitch  lines,  draw  lines 
making  15^  with  a  perpendicular  to  the  axis.  For  a 
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^iinglc  thread,  draw  a  crest  opposite  a  root;  then 
drkw  lines  joining  the  crests,  as  completed  in  step  2. 
^he  pafaHel-cfesir4ines-must-bc-fine,  black  linei 


Note -that  the  root  lines  drawn  in  step  3  are  not 
parallel  to  the  crest  lines.  The  drawing  is  completed 
in  step  4  by  erasing  excess  lines  and  making  the 
outline  lines  and  root  lines  medium  weight  to 
contrast  with  the  crest  lines.  Internal  acme  threads 
arc  drawn  by  teh  same  steps;  and  when  shown  in 
section,  the  internal  thread  slopes  in  an  opposite 
direction  to  the  external  thread.. When  drawing 
multiple  acme  threads,  be  sure  to  draw  that  part  of 
the  crest  line  which  is  visible  on  the  back  of  the 


thread.  None  of  the  back  edges  will  be  visible  on  the 
drawing  of  a  single  acme  thread. 
RcRultr  Thread  Symbols^  Thread  symbols  are 


used  to  represent  all  types  of  threads  on  drawmgs 
where  the  projected  view  of  the  thread  is  1  inch  or 
less  in  diameter.  Regular  thread  symbols  are  shown 
in  figure  1-9.  The  alternate  thin  and  thick  lines 

^represent  the  crests  and rootsof  the  thread.  Usually, 
the  root  and  crest  lines  are  spaced  by  eye,  and  no 
alteojpt  is  made  to  show  the  actual  pitch  or  root 
diameter.  However,  when  several  different  sizes  of 
screw  threads  appear  on  the  same  drawing,  the 

,  draftsman  varies  the  spacing  of  the  thread  symbols 


STEP  I 


STEP  2 


f 


INTERNAL  THREADS 

Figure  1-7.  Square  threads. 
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STEP  3 


STEP  4 


F'gurc  1-8.  Acme  threads. 


to  indicate  to  the  reader  that  there  is  a  difference  in 
.  the  number  of  threads  on  one  part  as  compared  to 
the  threads  on  another  part. 

As  indicated  in  figure  1-9,  the  spacing  of  vertical 
root  and  crest  lines  mayTje  actual  (as  obtained  from 
Tables  of  Standard  Dimensions)  or  approximate. 
The  main  requirements  in  drawing  these  regular 
symbols  are  that  the  spacing  be  sufficient  to  give  a 
good  print  from*a  tracing  and  sufficiently  varied  to 
indicate  noticeable  differences  in  thread  sizes 
appearing  on  the  same  drawing.  As  the  diameter  of 
the  part  decreases,  the  spacing  and  depth  values 
become  proportionally  greater  in  order  to  avoid 
crowding  root  and  crest  lines  together.  For 
diameters  below  1  inch  and  down  to  1/2  inch,  little 
distinction  in  spacing  is  made.  The  same  symbol  is 
used  to  indicate  coarse,  fine,  and  extra-fine  threads. 
The  specific  identification  of  diameter,  number  of 
threads  per  inch,  thread  series,  and  class  of  fit  are 
indicated  by  thread  notes.  After  considerable 
experience,  you  may  space  the  lines  by  eye  and  come 
very  close  to  the  actual  thread  proportions. 

Simplified  Thread  Symbols.  Simplified  symbols 
.are  used  when  speed  in  drafting  is  essential.  These 


symbols  are  illustrated  in  figure  1-10.  However, 
these  symbols  should  be  used  with  discretion,' 
especially  on  drawings  where  there  are  many 
invisible  lines.  Where  there  is  a  chance  for 
misinterpretation  of  thedrawing,use  regular  thread 
symbols  or  show  the  parts  in  an  enlarged  detail 
view. 

In  the  simplified  representation,  thread  roots  are 
.  shown  as  mvisible  lines  drawn  parallel  to  theaxis  of 
the  thread.  The  steps  in  drawing  the  simplified 
symbols  are  the  same  as  for  the  regular  symbols,  as 
shown  in  figure  1-9.  The  dash  lines  are  drawn  at  the 
approximate  root  diameter.  The  end  views  and 
elevation  views  for  internal  threads  are  thesame  for 
both  regular  and  simplified  symbols. 

Exercises  (403): 

Identify  each  of  the  procedural  steps  below  as 
appropriate  to  the  drawing  of  a  V,  square,  or  acme 
semiconventional  thread;  or  a  regular  or  simplifled 
thread  symbol  by  putting  one  of  the  preceding 
italicized  words  in  the  blank  foUowmg  each 
procedural  statement. 
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I.  Draw  only  onfe-half  of  the  root  line,  as  the  other 

half  IS  invisible.  

1.  Draw  60°  lines  from  each  crest  point  


1-4.  Thrtad  Idtntiticatlon 


3. 


In  the  first  step,  lay  out  a  ccnterline  and  four 
parallel  lines.   *  . 
Show  thread  roots  as  invisible  lines  drawn 

parallel  to  the  axis^of  the  thread  

Start  by  laying  out  the  ccnterline  and  two 
parallel  lines  to  represent  the  outside  diameter. 


You  have  seen  how  the  representation  of  threads 


6.  Use  alternate  thin  and  thick  lines  to  represent  the 
crests  and  roots  of  the  thread.  

7.  For  the  initial  layout,  draw  two  sets  of  three 
parallel  lines  

8.  Leave  the  root  lines  unaccented.  . 

9.  When  drawing  the  single  thread,  do  not  leave  any 


of  the  back  edges  visible. 


on  drawings  has  been  simplified  toTthe  extent  that 
notes  must  be  added  to  provide  a  complete  picture. 
Dimensions  are  placed  on  the  drawing  to  mark  the 
location  of  the  thread,  and  thread  notes  give  the 
man  in  the  shop  the  necessary  information  about 
size,  type,  and  the  like. 


404*  Answer  some  questions  about  thread 
information;  and  given  the  necessary  information, 
write  a  sUndard  thread  note  and  indicate  any 
special  quality  or  use  recognizable  for  the  particular 
thread. 


note: 

draw  profile 
in  section  views. 
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Figure  1-9.  Regular  thrcjid  symboU. 
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INTERNAL  T»|(REA0 
Figure  I- 10.  Simplified  thrttd  symbols. 


Thread  Information.  The  information ycontained 
in  thread  notes  must  be  presented  in  thcf  following 
order:  ^  / 

a.  Diameter  in  inches  (or  number^^e). 

b.  Number  of  th^ads  per  indj^ 

c.  Letters  to  identuy-fomrand  scries. 

N  =  National  form. 
U  =  Unified  form.  ^ 
C  =  Course  scries. 
F  =  Fine  scries. 
EF  =  Extra-fine  scries. 


d.  Class  of  fit  and  tolerance  symbol.  American 
standard  classes  of  fits  are  indicated  by  number 
only.  Under  the  Unified  system,  a  letter  suffix  is 
added  to  indicate  that  Unified  tolerances  are  to  be 
applied.  The  letter  A  indicates  external  threads;  the 
letter  B  indicates  internal  threads. 

e.  Other  symbols.  If  the  thread  is  left-hand,  the 
symbol  LH  should  appear  at  the  end  of  the 
specification.  If  the  thread  is  non-standard,  the 
word  **Speciar  should  appear. 

In  order  to  make  thread  notes  meaningful,  you 
must  understand  the  meaning  of  the  terms  ""thread 
scries*"  and  ""thread  classes.** 

Thread  Series.  Unified  and  American  National 
threacts  have  substantially  the  same  thread  form. 


— and4hrcads-of^th-standafd5-are-tnterchangcabl 
_when  they  have  thc^amcdiameter-and  pitch.  The 
main  difference  between  these  two  types  of  threads 
consist  of  differences  in  the  application  of  tolerance 
and  allowance.  Threads  under  these  two  standards 
arc  classified  into  six  scries  groups.  One  thread 
series  is  distinguished  from  another  by  the  number 
of  threads  per  inch  applied  to  a  specific  diameter. 
The  series  and  their  recommended  use  are  as. 
follows. 

Course-thread  series.  The  course-thread  series  is 
recommended  for  general  use  in  work  where 
conditions  do  not  require  the  use  of  a  fine  thread. 
This  series  is  used  in  soft  materials  and  in  dcsi^ 
where  its  characteristic  of  rapid  engagement  is 
desirable.  For  example,  with  a  1/4  inch  diameter 
bolt  this  series  would  be  specified  as  1/4-20 
U|^C-2A. 

Fine-thread  series.  The  fine-thread  series  is 
recommended  for  aircraft  and  engines  where  special 
conditions  require  greater  strength,  resistance  to 
vibration,  ease  of  installation,  and  less  weight  per 
given  strength.  It  is  widely  applied  in  fastenings, 
such  as  bolts,  s^fcws,  tie-rod  terminals,  etc.  A  1/4- 
irich  diameter  bolt  in  this  fine-thread  series  is 
specified  thus:  1/4-28  UNF-2A.  In  the  coarse  and 
fine-thread  series,  all  sizes  below  1/4  of  an  incha;e 
designated  NC  and  NF  (National  Standard). 

Extra-fme-thread  series.  This  scries  is  used 
particularly  in  equipment  where  thin  material  is  to 
be  threaded  and  where  a  maximum  number  of 
threads  is  required  within  a  given  thread  length.  A 
1/it  inch  nut  in  the  extra-fine  series  would  be 
specified  as:  1  /4-32  NEF-2B.  A  few  specific  sizes  of 
this  scries  are  designated  UN.  For  example:  1  /2-28 
UNEF-2B. 

The  following  thread  series,  known  as  the  fixed- 
pitch  series,  have  the  same  thread  profile  as  other 
American  National  threads,  but  the  pitch  remains 
the  same  for  all  diameters. 

The  8'thread  series.  This  series  has  eight  threads 
per  inch  in  all  diameters  from  1  to  6  inches.  It  is  used 
for  bolts  on  high  pressure  pipe  fianges,  cylinder 
head  studs,  and  similar  fasteners  against  pressure.  It 
is  specified  as  2'/i-8N-3A.  The  8-thread  series  scrv^ 
as  a  continuation  of  the  course-thread  series  for 
sizes  over  1  inch. 

The  l2-thread  series.  This  series  has  12  threads 
per  inch  in  all  diameters  from  1  /  2  inch  to  6  inches.  It' 
is  used  in  machinery,  boiler  work,  and  in 
aeronautical  construction  of  the  fine-thread  series 
for  sizes  over  VA  inches.  A  sample  specification 
would  be  P/4-12  UN-2A. 

The  l6-thread  series.  This  series  has  16  threads 
per  inch  for  all  diameters  from  3/4  inch  to  4  inches 
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and  is  used  for  threaded  adjusting  collars,  bearing 
retaining  nuts,  etc.  It  serves  as  a  continuation  of  the 
^Ytra.fiftc  series  for  sizes  over  1%  inches  in 


attached  as  shown  by  B  and  C  in  figure  1  - 1 1 .  In  t  hese 
two  examples,  the  sequence  of  operations  is 
expressed  in  the  thread  note.  The  workman  selects 


the  proper  tap  drill  for  tne  given  ihread7tlKaniriUs; 
countersinks,  or  counterborcs  the  hole  before 
cutting  the  threads.  For  other  types  of  threads,  such 
as  square,  acme,  and  worm,  the  standard  note  gives 
the  major  diameter  snd  the  number  of  threads  per 
inch.  Unless  otherwise  specified,  ail  threads  arc 
considered  to  be  right-liand  and  single.  If  left-hand 
or  multiple  threads  are  needed,  the  note  must  clearly 
state  what  is  required.  To  specify  a  threaded  part  1 14 
inches  in  diameter,  nine  threads  per  inch  (special  ^ 
pitch),  left-hand,  double,  the  proper  note  would  be 
•l!4-9N-2,  LH  DOUBLE.  Note  in  figure  1-1 1,C, 
that  the  drill  depth  does  not  include  the  cone-shaped 
bottom  of  the  hole.  This  shape  is  formed  by  the 
point  of  drill,  and  on  drawings  an  angle  of  30^  is 
used  to  approximate  the  angle  of  the  drili  ctltting 
edge. 

Pipe  Threads.  The  standard  pipe  thread  • 
illustrated  in  figure  1-12,  is  similar  in  shape  to  the 
ordinary  screw  thread  and  it  has  the  same  thread 
angle.  However,  pipe  threads  are  tapered  f/ 16  inch 
per  inch  to  insureatight  joint  at  fittings.  The  crest  of 
the  thread  is  flattened  slightly,  and  the  root  of  the 
thread  is  filled  in  so  that  the  depth  of  the  thread  is 
approximately  80  percent  of  the  pitch.  The  pitch  of 
pipe  threads  has  been  standardized  for  the  various 
size  of  pipes:  The  number  of  threads  per  inch  for  an  y 
given  diameter  can  be  obtained  from  standard 
tables. 

Both  internal  and  external  threads  are  tapered. 
Tapering  allows  the  first  threads  to  be  engaged  by 
hand  and  insures  a  tight  joint  when  the  threads  are 
wrench  tightened.  A  National  straight  pipethread  is 
used  for  soifne  parts,  such  as  hose  couplings.  This 
thread  has  the  same  shape  and  pitch  as  taper  pipe 
threads,  and  a  common  procedure  is  to  use  a  taper 
external  thread  with  a  straight  internal  thread.  This 
is  possible  when  pipe  materiali  are  soft  enough  to 
allow  the  threads  to  adjust  to  each  other  by  a  slight 
deformation  of  the  metal.  Taper  threads  are 
specified  by  the  letters  NPT  (National  Pipe  Taper) 
and  straight  threads  by  the  betters  NPS  (National 
Pipe  Straight). 

Pipe  threads  may  be  represented  on  a  drawing  by 
semiconventional,  regular,  or  simplified  symbols. 
The  taper  is  not  usually  shown;  but  if  it  is  shown,  it  is 
exaggerated  to  1/8  inch  per  inch.  Sundard  notes  for 
pipe  threads  are  shown  in  figure  1-13.  On  lairger 
drawings,  it  may  be  desirable  to  use  the 
semiconventional  symbol,  especially  where  the  pipe 
diameter  projects  1  inch  or  more  and  when  pipe 
threads  are  shown  in  assembly  with  other  parts  in  a 


diameter.  To  specify  this  thread,  a  note  like  the 


following  would  be  uscdf  3^/4-16^-30. 

When  it  is  necessary  to  draw  screw  threads  and 
specify  thread  sizes  by  notes,  you  must  refer  to  , 
Tables  of  Standard  Dimensions.  A  complete  list  of 
tables  covering  Unified  and  American  National 
screw  threads  is  contained  in  military  specification 
MlL-S-7742  in  the  appendix. 

Thread  Classes.  Threads  are  classified  by  the 
manner  in  which  two  ma^g  parts,  such  as  a  bolt 
and  nut,  fit  togetl^er -^hen  assembled.  Thread 
standards  provide  for  four  classes  of  fits  for  various 
purposes,  and  these  classes  are  distinguished  by 
numbers  from  1  through  4.  Class  1  is  the  loosest  fit 
and  class  4  is  the  closest  fit.  Under  National. 
Standards,  the  four  classes  of  fits  are  described  as 
follows: 

Class  1  Jit.  This  class  is  used  where  clearance 
between  mating  parts  is  necessary  for  ease  of 
assembly  and  where  looseness  between  the  mating 
paru  is  not  objectionable^ 

Class  2  fit.  This  class  gives  a  free  fit  between 
mating  paru  but  provides  for  a  higher  quality  screw 
thread  product  than  theclass  1  fit.  When  total  class 
2  pitch  diameter  tolerances  are  applied  to  both 
parts,  there  is  some  play  between  the  mating  parts. 

Class  3  Jit.  This  class  is  used  for  exceptionally 
high-grade  screw  threads,  and  it  is uscdonly  when 
the  higher  production  cost  is  warrraled.  The 
maximum  play  between  parts  is  about  70  percent  of 
that  found  in  class  2. 

Class  4  fit.  This  class  of  fit  irused  where  exacting 
requirements  must  be  met,  and  the  parts  are  usually 
selectively  fitted  together  by  hand* 

Under  Unified  StaiWards,  tolerances  for  external 
threads  differ  from  thW  for  internal  threads.  For 
this  reason,  the  letter  A  is  used  in  the  thread  symbol 
to  denote  an  external  thread,  and  the  letter  B  is  used 
to  denote  an  internal  thread.  Unified  thread  sizes 
are  identified  by  the  letter  U  in  the  thread  symbol. 
'  Where  the  letter  U  does  not  appear  but  the  letters  A 
and  B  are  retained,  all  thread  tolerances  conform  to 
Unified  Standards.  Where  the  letters  U,  A,  or  B  do 
not  appear  in  the  thread  symbol,  all  thread 
tolerances  are  American  National,  ; 

Identifi^tipn  Symbob.  Figure  Ml  illustrates 
correct  mcti^ds  for  specifying  scr^kv  threads  on  a 
drawing.  For  external  threads,  the  thread  note  is 
placed  on  the  profile  view  of  the  thread,  as  shown  in 
figure  t-ll,A,  The  note  for  internal  threads  is 
preferably  placed  on  the  circular  view  of  the  hole; 
but  where  no  circular  view  appears,  the  note  is 
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Figure  1-12.  Pipe  thread.  ^ 
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3.  Why  are  pipe  threads  tapered? 


REGULAR  SYMBOLS 


21/4-NPT- 


l-NPS 
SiMPLlPtEO  SYMBOLS 


Figure  1-13.  ^(.t^x^a^woxi  of  pipe  threads. 

section  viev.  Usually,  regular  or  simplified  symbols 
are  used,  The  thread  note  always  gives  the  nominal 
diameter,  of  the  pipe,  followed  by  the  letters 
indicating  the  type  of  thread.  The  insidediameter  is 
used  to  Identify  pipes  through  the  12.inchsi2e;  pipes 
more  than  12  inches  in  diaSictcr  arc  sized  byjheir 
outside  diameters.  The  "nominal  'diameter"  for 
pipes  1 2  inches  or  under  is  close  to  but  not  the  exact 
inside  diameter.  Except  where  taper  is  sliown^  pipe 
thread  symbols  are  the  same  as  the  symbob  used  for 
ordinary  screw  threads. 

Exercises  (404): 

1.  What  distinguishes  one  thread  series  from 
another? 


2.  Under  Unified  standards  what  does 
denote  in  classifying  threads? 


.^^and-B" 


4.  You  have  a  nut,  1/4  inch  in  diameter,  ihreads 
coarse.  Unified  Standard,  -20  threads  per  inch,  fit 
class  2.  Write  the  formula  and  probable  use. 

L 

1«-S.  Bolts  and  Screws  .  > 

Bolts  and  screws  are  threaded  fasteners  which 
appear  frequently  in  machine  drawings,  in  both 
assembly  and  detail  views.  In  making  assembly 
drawings,  you  will  save  lime  by  using  a  procedure 
which  allows  you  to  scale  the  principal  features  of 
the  fastener  in  proportion  to  its  given  diameter. 
When  precise  dimensions  are  required,  you  must 
then  refer  to  stan(J^ds  which  given  the  actual 
dimensions  for  bolts,  nuts,  and  screws.  The  Air 
Force  has  established  specifications  for,  these 
fasteners  and  for  many  similar  machine  parts. 
Therefore,  a  part  number  may  be  used  on  the 
drawing  to  identify  standard  fasteners,  and  no 
dimensions  are  given.  When  a  fastener  is  not  listed 
in  the  Air  Force  standards  book  and  not  stocked  as 
a  standard  part,  its  size  and  shape  must  be  described 
in  a  detail  drawing. 

405.  Give  the  two  cltssification  breakouts  of  bolts 
and  nuts,  the  significance  of  symbols  used  in 
drawing  a  nut  or  bolt,  and  the  five  items  of 
information  specified  for  a  bolt  on  a  drawing. 

Drawing  Bolts  and  Nuts.  Bolts  and  ituts  are 
classified  by  series  as  regular,  heavy,  and  light.  The 
regular  series  is  for  general  use,  and  lhe|ieavy  series 
is  used  where  weight,  and  load  factors  reqtiire 
greater  bearing  surfaces  on  the  bolt  head  and  nut. 
The  light-series  nut  is  used  where  weight  saving  is 
important.  Bolls  and  nuts  are  further  classified  by 
the  typc^of  machining  they  have  undergone  in  their 
manufacture.  Unfinished  bolt  heads  and  nuts  are 
"  not  finished  on  any  surface  except  the  threads. 
Semifinished  boll  heads  and  nuts  are  machined  to 
form  a  smooth  bearing  surface  or  a  washer  face. 
Finished  heads  and  nuts  are  washer-faced,  and  all 
surfaces  are  finished  for  accuracy  and  appearance. 
As  shown  in  figure  1-14,  B,  this  washer  face  has  a 
diameter  equal  to  the  width  across  flats  and  is  1/64 
inch  thick.  Since  the  forming  of  a  fmished  surface 
requires  the  removal  of  metal,  the  height  of  a 
semifinished  bolt  head  is  slightly  decreased.  Also 
the  thickness  of  a  semifinished  nut  is  less  than  that 
of  an  unfinished  nut.  In  the  finished  series,  however. 
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the  bolt  he£Cd  and  nut  are  originally  made  slightly 
larger  to  allow  for  the  metal  removal  in  machine 
finishing.  Thus  the  head  height  and  nut  thickness  in 
this  series  are  greater  than  in  the  semi*finished 
series. 

In  most  cases,  the  conventional  representation  of 
bolts  and  nuts  is  used.  Figure  1-14  shows  three 
typical  bolts  and  illustrates  the  use  of  proportions 
based  on  their  diameters.  These  proportions  are 
used  10  dr^w  regular-series  bolts  and  nuts.  To  draw 
the  •  heavy-series,  the  following  proportions  are 
used: 


Width  across  Hats 
Hei|ht  of  head 
Thickness  of  nut 
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^olt  heads  and  nuts  are  drawn  with  the  "across 
comers**  width  showing  in  all  views.  Although  this  is 
a  violation  of  true  projectibn,  it  is  done  to 
distinguish  between  square  head  and  hex  head  bolts 
and  nuts.  Therefore,  a  hexagon  head  and-nut  will 
usually  be  represented  as  showing  three  of  its  sides. 
If  it  is  ever  necessary  to  draw  a  hex  head  or  hexnut 
with  only  two  faces  showing  (width  across  flats),  a 
radius  equal  to  the  bolt  diameter  is  used  todrawthe 
curves  produced  by  the  chamfer  on  the  head  and 
nut.  A  radius  of  2D  is  used  on  a  square  head  and  nut 
when  it  is  drawn  across  flats.  This  is  illustrated  in 
figure  1-15.  ' 

Square  and  hexagonal  heads  and  nuts  are  drawn 
^across  comers"  in  fall  views  showing  the  faces 
unless^  there  is  a  special  reason  for  drawing  them 
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Figure  1-15.  Bolt  dimensions  across  Oats. 

"across  flats.**  Figure  1-16  shows  the  steps  which 
you  should  use  in  drawing  square  heads,  both  across 
comers  and  across  flats.  Figure  1-17  shows  the  same 
for  hexagonal  heads.  The  principles  apply  equally 
to  the  drawing  of  nuts. 

First,  determine  the  type  of  head  and  the  nominal 
diameter.  Using  this  information,  additional  data 
W  (width  across  flats),  H  (height  of  head),  and  T 
(thickness  of  nut)  can  be  obtained  from  the  tables 
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Figure  1-16.  Stages  in  drawing  a  square  head. 
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Figure  1-17.  Suges  in  drawing  a  hexagonal  head. 


(sec  appendix).  Then  draw  the  edges  of  the  faces, 
projecting  from  the  end  view.  Set  the  compass  to  a 
radius  of  C/2  and  draw  the  circle  arcs  locating 
centers  Pi  and  P2.  In  the  case  of  the  drawing  across 
the  flats,  set  the  compass  to  radius  of  W,  and  draw 
the  circle  arc  locating  the  center  P.  Draw  the 
chamfer  arcs,  using  the  radii  and  centers  as  shown 
and  then*  complete  tjie  views.  Show  a  30**  chamfer 
on  the  across-comers  view. 

A  similar  procedure  is  used  in  drawing  hexagonal 
bolts  using  radius  W/2  to  draw  the  circle  arcs 
locating  centers  Pi  and  P2,  as  shown  in  figure  1-17. 
In  the  case  of  semifinished  bolts,  the  actual 
thickness  of  the  washer  face  is  1  /  64  inch,  but  may  be 
inaeased  up  to  1/32  inch  for  the  drawing.  The 
length  of  the  bolt  and  the  length  of  the  thread  can  be 
determined  from  the  footnote  to  the  bolt  table  in  the 
appendix. 

The  drawing  may  require  considerable  time 
when,  for  example,  clearance  conditions  require  ait 
accurately  drawn  bolt,  using  exact  dimensions  from 
the  tables.  Often,  however,  the  representation  of 
bolts  may  be  approximate  or  even  symbolic  because 
the  note  specifications  invariably  give  the  exact 
information.  ^ 

Specifications  for  Bolts*  Specifications  for  bolts 
on  drawings  or  parts  lists  must  include  the  diameter, 
length,  thread  rync,  finish,  and  head  type.  The 
length  of  a  standard  hex-head  or  square-head  bolt  is 
the  distance  from  the  underside  of  the  head  to  the  tip 
of  the  bolt  shank.  On  countersunk  heads,  the  length 
is  measured  to  the  top  of  the  head.  The  bolt  material 
is  assumed  to  be  steel  unless  another  material  is 
specified;  and,  if  the  head  and  nut  are  different  from 


the  regular  hex  or  square,  this  must  also  be 
specified.  The  bolt  series  is  not  specified.  The  boll 
series  is  not  specified  unless  it  is  heavy  or  light  series. 
If  the  bolt  is  to  be  finished,  the  type  of  fmiskr^^ust  be 
specified.  Some  types  of  finishing  which  must  be 
specified  are  cadmium  plate,  chrome  plate,  zinc 
plate,  and  milling  pr  grinding  operations  which  are 
essential  to  the  proper  functioning  of  the  part. 

The  term  "bolt"  is  used  to  identify  a  through 
fastener  which  has  a  head  on  one  end  and  is 
threaded  to  take  a  niit  on  the  shank  end.  A  stud  bolt 
is  threaded  on  both  ends;  one  end  is  turned  into  a 
threaded  hole,  and  a  nut  screwed  on  the  other  end 
holds  two  parts  together.  Detail  views  of  bolts  and 
studs  are  dimensioned  and  specified,  as  shown  in 
figure  1-18.  In  parts  lists  and  bills  of  material,  the 
Air  Force  part  number  or  standard  specification  is 
used  to  identify  fasteners.  Examples  -of  bolt 
specifications  used  on  assembly  drawings  are  as 
follows: 

i/2-l3UNC-2A  X  2SEMhF!N.  HEX.  HD.  BOLT 
1/2-20UNF-2A  x  2V,  STUD. 


Exercises  (405): 

1.  How  are  nuts  and  bohs  classified? 


2.  What  do  the  letters  W.  H,  and  T  mean  when 
giving  information  on  nuts? 
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3.  Specifications  for  bolu  on  drawings  or  pans  lists 
must  include  what  five  items? 


406.  State  particular  characteristics  of  cap, 
machine,  and  set  screws;  and  write  the  formula  for  a 
designated  screw. 

.  Screws.  Screws  arc  made  in  so  many  shapes  and 
varieties  that  a  clear-cut  method  of  classification  is 
difficult.  Ho>Ycvcr,  they  are  generally  classified  by 
head  shape  and  use. 

Cap  screws  are  structural  screws  designed  to  serve 
the  same  function  as  bolts.  They  are  used  without 
nuts,  and  are  passed  through  an  unthreaded  hole  in 
one  member  to  engage  a  threaded  hole  in  another 
member.  A  Jicxrhead  cap  screw  is  similar  to  a 
standard  finished  hex-head  bolt.  Other  types  of  cap 
screws  may  be  semifinished  or  finished  all  over,  but 
they  are  usually  produced  in  finished  form  since 
they  arc  used  where  accuracy  and  appearance  are 
important.  They  arc  available  in  body  diameters 
ranging  from  V*  to  l^A  inches.  If  the  length  of  a  cap 
screw  is  less  than  1  inch,  the  threads  extend  up  to  the 
head.  In  lengths  greater  than  1  inch,  the  minimum 
length  of  thread  is  generally  2D  +  %  inch.  Cap 
screws  arc  specified  by  giving  diameter,  threads  per 
inch,  thread  series,  fit,  length,  type  of  head,  and 
name,  as  in  the  following  example: 

5/8-1 IUNC-2A  X  2FIL.  Hb.  CAP  SC. 


The  proportions  for  drawing  the  various  heads 
for  cap  screws  and  machine  screws  are  shown  in 
figure  1-19.  Note  that  the  ^ead  slots  arc  drawn  at  a 
45"^  angle  in  the  circular  view  so  that  the  slot  lines 
are  not  confused  with  center  line^.  The  points  of  all 
cap  screws  arc  flat,  with  a  chamfered  edge  at  35®  to 
the  flat  end  surface.  The  depth  of  the  chamfer  is 
equal  to  the  thread  depth. 

Machine  screws  arc  similar  in  use  to  cap  screws 
but  arc  usually  smaller  in  diameter,  ranging  from 
.060  to  1  inch.  They  are  available  in  the  head  types 
shown  in  figure  1-19  but  are  rarely  made  with  hex  or 
socket  heads.  All  machine  screws,  except  hexagon, 
may  be  manufactured  with  a  cross-recessed  slot,  as 
shown  in  figure  1-20.  Unlike  cap  screws,  machine 
screws  have  unchaxnfered  ends;  and  the  symbol  is 
;hown  in  figure  1-20. 

Set  screws  are  used  to  prevent  rotary  motion 
between  two  pans,  such  as  a.puUcy  mounted  on  a 
shaft.  The  set  screw  passes  through  a  threaded  hole 
in  the  puUeyand  is  tightened  so  that  its  point  presses 
against  the  shaft.  The  friction  created  prevents 
the  pulley  from  slipping  when  the  shaft  is  turned. 
Set  screws  arc  also  used  to  adjust  the  position  of 
pans  in  relation  to  each  other.  For  example,  a  set 
screw  is  used  to  lock  a  lathe  tool  in  its  holder  for 
cutting  operations.  Set  screws  are  specified  by 
giving  the  diameter,  thread  per  inch,  thread  series, 
class  of  fit,  length,  type  of  head,  type  of  point,  and 
designation,  as  follows: 

!/4-20UNC-2Ax  1/2  HEXAGON  SOCKET  CONE  PT  SET 
SC. 
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1/2-13  UNC-2A- 


1/4 


■1/2-20  UNC-2A 


Figure  1^18.  Bolt  deuiis. 


The  forms  of  set  screw  heads  arfd  points  are 
shown  in  figure  1-21.  Headless  types  are  preferred 
since  there  is  no  projecting  head  to  cause  injury 
personnel  working  around  revolving  parts. 

Cap  screws,  machine  screws,  and  set  screws  are 
available  in  National  and  Unified  thread  forms, 
either  coarse  or  fine  series.  Cap  screws  arc  usually 
produced  with  a  class  3  fit,  machine  screws  with  a 
class  2  fit,  and  set  screws  with  a  class  2  fit.  In  order  to 
make  accurate  representations  of  these  fasteners, 
you  must  refer  to  Standard  Tables  which  give  the 
basic  dimensions  for  each  type.  The  standard  which 
covers  screws  is  contained  in  Mihtary  Specification 
933B.  Copies  of  these  specifications  may  be 
obtained  by  Air  Force  activities  by  applying  to  the 
Command  General,  Air  Force  Logistics  Command, 
Wright-Patterson  Air  Force  Base,  Dayton,  Ohio. 
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Exercises  (406): 

1.  How  arc  screws  generally  classified? 


2.  If  a  screw  is  designated  as  5/8  diameter,  II 
threads  per  inch,  Unified  National  coarse  scries, 
external  thread  finished  hex  head  cap  screw,  how 
would  you  write  the  formula? 


3.  What  are  the  major  differences  between  a 
machine  screw  and  a  cap  screw? 


4.  What  is  the  primary  purpose  of  a  set  screw? 


CAP  SCREW 


Figure  1-20.  Cross^ecessed  screw  head. 
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Firire  1-21.  Set  screwi. 
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1-6.  K«y9,  Pins,  and  Springs 

A  key  is  a  square,  rectangular,  or  semi-circular 
piece  of  metal  which  is  inserted  in  a  keyway  cut  in  a 
shaft  and  pulley.  When  installed  in  this  position,  the 
key  prevents  relative  motion  between  the  two  parts. 
Metal  pins,  either  cylindrical  or  round  ^pered,  are 
used  for  the  same  purpose  in  lighter  work  where  the 
load  to  be  transmitted  from  shaft  to  pulley  is  not  so 
great  as  to  warrant  a  heavy  key.  Springs,  while  not 
classed  as  fasteners,  are  presented  on  a  drawing  in 
much  the  same  manner  as  are  screw  threads.  The 
methods  for  representing  springs  are  discussed  in 
this  section. 

407.  State  the  physical  chartcteristics  of  keys  and 
pins  and  namje  three  types  of  springs. 

Keys.  Figure  1-22  shows  several  types  of  standard 
keys.  Square,  flat,  taper,  and  gib-head  keys  are 
American  Standard,  while  Woodruff  and  Pratt  and 
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Whitney  are  patented  keys.  In  commercial  drafting, 
these  keys  are  not  drawn  in  detail  unless  they  are 
changed  to  include  a  nonstandard  dimension.  They 
are,  however,  drawn  to  scale  on  assembly  drawings 
and  their  specifications  given  in  an  attached  note. 
Keyways  on  shafts  and  internal  p^rts  are 
dimensioned  as  shown  in  the  figure.  Patented  keys 
are  specified  by  a  number,  the  shaft  key  seat  being 
specified  by  the  same  number.  Complete 
information  on  keys  and  keyways  may  be  found  in 
engineering  handbooks  and  in  military 
specifications.  Appendix  G  gives  dimensions  for 
Woodruff  keys.  All  keys  are  drawn  on  detail 
drawings  in  Air  Force  drafting  practice.  The  related 
assembly  drawing  contains  a  reference  to  the  detail 
view  which  gives  all  necessary  information  about 
the  key,  including  dimensions. 

Pins.  Cylindrical  dowel  pins  are  used  for  a  variety 
of  work  where  twd  partj  must  be  kept  in  alignment 
with  each  other.  Taper  pins  are  used  where  absence 
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of  play  is  essential,  being  driven  into  niating  holes  in 
a  hub  and  shaft.  A  threaded  taper  pin  is  threaded  on 
the  small  end  and  is  used  where  disassembly  for 
maintenance  is  required.  Standard  dowel  and  taper 
pins,  their  diameters,  and  their  maximum  and 
minimum  lengths  are  listed  in  vanou^s  publications! 

Springs*  Springs  are  formed  by  windingsteel  wire 
into  the  form  of  a  conical  or  cylindrical  helix.  In 
drafting  practice,  the  helical  curves*  are 
con  vent  iorv^lizcd  into  straight  lines.  Figure  1*23 
illustrates  the  semiconventional  representation  of 
compression,  tension,  and  torsion  springs  and 
shows  the  method  of  dimensioning  each  type.  When 
the  spring  are  small  in  size,  a  single  line 
representation  is  used. 

In  production  work,  a  spring  is  largely  a  matter 
of  mathematical  calculation  rather  than  a  matter  of 
drafting.  The  spring  is  usually  designed  to  meet 
certain  requirements,  and  these  are  specified  on  the 
drawings.  In  laying  out  a  semiconventional 
representation,  you  find  that  the  steps  which  you 
should  use  are  similar  to  those  for  drawing  screw 
threads.  Pitch  distance  is  determined  by  dividing  the 
spring  length  by  the  number  of  coils  in  the  spring, 
and  the  coils  are  given  a  slope  of  one-half  pitch.  A 
fairly  accurate  representation  usually  satisfies  all 
requirements.  Of  more^mportance  are  the  spring 
dimensions  and  notes  which  must  give  the  free 
length,  controlling  diameter,  number  of  coils,  style 
of  ends,  and  size,' shape,  and  kind  of  material.  The 
shape  of  the  spring  material  is  important,  since 
springs  are  also  made  Ubm  square  wire.  The 
representation  of  a  spring  made  from  square  stock  is 
the  same  as  the  representation  of  a  square  thread 
minus  the  core  of  the  shaft.  Steps  in  laying  out 
semiconventional  round  wire  and  square  wire 
springs  are  shown  in  figure  1-24.  A  spring  having  a 
closed  and  ground  end  means  that  the  last  coil  has 
Its  lead  reduced  to  zero,  touching  the  adjacent  coil  at 
the  end  of  the  last  loop. 

Exercises  (407): 

1.  What  are  the  physical  characteristics  of  a  key? 


2.  What  are  the  physical  characteristics  of  a  pin? 


3.  What  are  the  three  types  of  spring? 


1*7.  Basic  Gears 

The  basic  types  of  gears  are  mechanical  devices 
which  appear  frequently  on  machine  drawings.  The 
elements  of  gear  design  are  complex,  and  their 
design  is  usually  the  task  of  an  engineer.  Draftsmen 
are  rarely  concerned  with  problems  of  dcsign,.j5uch 
as  strenght,  velocity,  weight,  and  type  of  materials. 
However,  it  will  be  your  job  as  a  draftsman  to 
translate  engineering  designs  into  working 
drawings. 

On  detail  drawings  of  gears,  it  is  customary  to 
draw  onlj^MJgor  two  gear  teeth  to  show  their  shape. 
The  draftsman  then  adds  dimensions  and 
specifications  to  explain  features  which  arenot 
detailed.  In  assembly  drawings  used  for  display 
purposes,  it  is  usually  necessary  to  draw  a  complete 
view  of  gear  mechanisms.  On  such  drawings,  the 
shape  of  the  gey  teeth  may  be  approximated.  These 
approximate  or  "convemional"  methods  are 
presented  in  this  chapter,  and  enough  elements  of 
design  are  included  to  enable  you  to  make  proper 
drawings  of  the  simpler  types  of  mechanisms. 

408,  Match  terms  used  when  drawing  spur  gears 
with  their  proper  definitions. 

Spur  Gecrs.  Gears  are  used  in  machines  to 
transmit  motion  and  power  from  one  part  of  the 
machine  to  another.  The  parts  connected  by  gears 
have  a  uniform  motion  but  their  speed  ratios 
depend  upon  their  relative  size.  Basic  types  of  gears 
are  spur  gears  and  bevel  gears.  ^A  spur  gear  is 
represented  in  figure  1-25  by  two  cylinders  in 
contact.  It  is  a  bevel  gear,  with  two  cones  whose 
surfaces  contact.  They  illustrate  how  motion  can  be 
transmitted  by  contact  alone.  You  can  readily  see 
that^pegs  or  teeth  attached  to  one  surface  to  mesh 
with  recesses  on  the  other  surface  would  give  a 
constant  motion  without  slippage.  Spur  gears  and 
bevpl  gears  are  pictured  first  as  cylinders  and  cones 
in  order  to  explain  pitch  diameters.  The  diameters 
of  the  cylinders  are  pitch  diameters,  from  which 
tooth  forms  are  calculated.  In  the  study  of  bevel 
gears,  the  basic  pitch  diameters  of  the  gears  are  the 
largest  diameters  of  the  imaginary  cones.  As  in  the 
study  of  spur  gears,  the  layout  of  teeth  for  bevel 
gears  is  based  upon  data  relating  to  pitch  diameters. 

Gear  Teeth.  The  proportions  and  shapes  of  spur 
gear  teeth  are  shown  in  figure  1-26,  and  the  terms 
used  in  designing  and  drawing  gears  are  explained 
as  follows:  . 

a.  Pitch  diameter  and  pitch  circle — the  diameter 
of  the  imaginary  cylinder  from  which  the  spur  gear 
is  derived.  The  pitch  circle  has  a  diameter  equal  to^ 
the  pitch  diameter.  / 
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b.  Addendum— the  ponion  of  the  tooth  added  to 
the  cylinder.  It  is  the  radial  distance  from  the  pitch 
circle  to  the  to  p  of  the  tooth.  Corrected  addendum  is 
the  radial  distance  from  the  top  of  the  tooth  to  the 
chord  of  the  pitch  circle. 

c.  Dedendum— the  recesses  into  which  the 
projecting  tebth  of  a  mating  gear.enter,  allowing  the 
teeth  to  mesh.  It  is  the  radial  distance  from  the  pitch 
circle  to  the  bottom  of  the  to?5th. 

d.  Outside   diameter— the   diameter   of  the  * 
addendum  circle. 

Root  diameterS~the^  diameter  of  the  root 
circle. 

/  Depth  of  tooth— the  total  height  of  the  topth; 
equal  to  addendum  plus  the  dedendum. 

g.  Working  depth—the  distance  that  a  tooth 
projects  into  the  space  between  two  teeth  on  the 
mating  gear.  It  is  equal  to  twice  the  addendum,  ijf^i 

h.  Clearance— the  distance  between  the  top  of  a  I 
tooth  and  the  bottom  of  the  mating  space.  Since  the 
dedendum  (recess)  is  slightly  greater  than  the 
addendum  (projection),  theft  is  a  clearance. 

/.  Circular  thickness- thfc  thickness  of  a  tooth  as 
measured  along?  the  pitch  circle. 

y.  Chord  thickness— the  thickness  of  a  tooth  as 
obtained  along  the  chord' of  the  pitch  circle. 
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k.  Base  circle— the*  circle  from,  which  tooth 
curves  are  formed.  This  circle  is  illustrated  in  the 
drawing  shown  in  figure  1-27. 

/.  Diametral  pitch— the  number  of  gear  teeth  per 
inch  of  pitch  diameter. 

m.  Circular  pitch— the  distance  between 
corresponding  points  of  adjacent  teeth,  measured 
along  the  pitch  circle. 

n.  Pressure  angle— when  two  gear  teeth  are  in 
contact,  a  line  perpendicular  to  the  common 
centcrline  of  the  gears  is  drawn  through  the  point  of 
contact.  This  line  is  called  the  common  tangent. 
Another  line  is  drawn  through  the  point  of  contact 
at  an  angle  of  W/i""  to  the  common  tangent.  Th^ 
angle  formed  by  these  lines  is  the  pressure  angle. 
The  point  through  which  these  lines  pass  is  the 
tangent  point  of  the  pitch  circles.  This  angle  can  be 
seen  in  figure  1-27. 

This  angle  determines  the  size  of  the  base  circle 
-and,  therefore,  determines  the  sh^pc  of  involute 
gear  teeth.  Three  gear  tooth  forms  which  are 
standardized  are  the  14'/^°,  20°  full-length  form, 
and  20°  stub  form. 

•  Gear — the  larger  of  two  mating  gears. 

•  Pinion— the  smalirr  of  two  mating  gears. 

Tooth  Forms.  Two  systems  of  gear  tooth  profiles 
in  use  are  the  involute  and  cycloidal.  An  involute 
curve  is  the  curve  generated  by  a  point  on  a  taut 
string, as  the  string  is  unwound  from  the  cylinder.  A 
cycloid  is  the  curve  generated  by  a  point  on  the 
circumference  of  a  circle  as  the  circle  rolls  on  a 
straight  line.  If  the  circle  rolls  on  the  outside  of 
another  fixed  circle,  an  epicycloid  is  generated;  if  it 
rolls  on  the  inside  of  the  other  circle,  a  hypocycloid 
is  generated. 

The » involute  form  is  used  more  in  making 
machine-cut  gears.  The  cycloidal  form  is  used  for 
making  cast  gears,  since  it  lends  itself  to  pattern- 
making  techniques.  On  a  working  drawing  of  a  gear 
which  is  to  be  cast,  it  is  necessary    draw  the  outline 
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Figure  1-25.  Fnaion  gears. 


«k  Figure  1-26.  Gear  nomenclature. 


of  one  tooth.  If  the  gear  is  to  be  made  by  a  machine 
cutter,,  a  blank  gear  is  drawn  showing  only  the 
necessary  dimensions  of  the  blank.  Information 
about  cutting  is  given  in  the  form  of  notes.  The  most 
common  fornf  of  gear  is  the  involute  form. 

A  convenient  conventional  method  of 
representing  both  types  of  gear  teeth  is  used  on 
workiitg  drawings.  It  does  not  give  the  actual  profile 
of  the  tooth,  but  a  note  indicates  the  type  required. 
The  task  of  making  the  gear  then  falls  to  the 
machincst  or  patternmaker  who  must  produce  a 
gear  which  meets  the  design  specifications. 

Th^axes  of  spur  gears  are  parallel  to  each  other; 
and  in  order  for  a  gear  and  pinion  to  mesh*  they 
must  have  the  same  circular  pitch  and  teeth  j^^c 
same  form.  They  must  both  have  an  integral  ( wRote) 
number  of  teeth.  The  shape  of  the  involute  curve 
which  forms  the  tooth  outline  is  determined  by  the 
dianneter  of  the  base  circle  for  each  gear.  The 
procedure  for  findmg  the  base  circle  is  contained  in 
the  steps  listed  in  the  next  paragraph.  ^ 

Rather  than  develop  involute  or  cycloidal  curves 
by  geometric  construction,  an  approximate  curve  is 
drawn  by  the  method  shown  in  figure  1-27.  This 
method  is  suitable  for  all  dimetral  pitches  and  pitch 


diameters.  Assuming  tllat  all  necessary  dimensions 
are  furnished,  you  would  jprocccd  as  follows: 

( 1^  Locate  the  ccr^crs  for  the  spttt:^d  the  pinion 
on  the  same  centerlinc>From  these  cenfe3,  draw  the 
pitch,  addendum,  and  dedendum  circles  for  both 
gear  and  pinion.  The  pilch  circles  should  be  tangent, 
as  illustrated  by  point  A  in  figure  1-27. 

(2)  Through  A,  draw  the  common  tangent  XY. 
The  common  tangent  is  perpendicular  to  the 
common  centerline  and  is  tangent  to  both  pitch 
circles.  Draw  the  line  of  action;  this  line  passes 
through  point  A  and  makes  a  14'/i^  angle  with  the 
common  perpendicular.  The  acute  angle  formed  by 
the  mtersecting  common  perpendicular  and  the  line 
of  acfion  is  called  the  pressure  angle.  The  next  steps 
will  sWbw  how  the  pressure  angle  determines  the  size 
of  thefease  circle  and  thereby^ determines  the  shape 
of  thytccth.  A  large  pressure  angle  would  reduce  the 
dianjcter  of  the  base  circle  and  give  the  tooth  face  a 
sligmly  sharper  slope. 

(i)  From  the  center  of  each  gear,  draw 
peroendiculars  to  the  line  of  action.  As  indicated  in 
figure  1-27,  lines  MC  and  ND  are  radii  for  the  base 
circles.  Draw  base  circles  for  the  gear  and  pinion, 

(4)  Divide  t  he  circumferc^ce^f  the  pitch  circle  by 
the  number  of  teeth  to  obtain  the  circular  pitch.  In 
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figure  1-27,  the  gear  is  to  have  24  teeth,  and  the  '     (6)  With  a  radius  equal  to  one-eighth  the 

pinion  is  to  have  16  teeth.  diameter  of  the  §ear  pitch  circle,  and  with  centers 

(5)  Divide  the  pitch  circle  circumference  of  the  ^  on  the  base  circle,  draw  arcs  through  each  point  on 

gear  into  24  e<^ual  segments.  The  circular  length.of  the  pitch  circle  as  shown.  Start  the  circular  arc  at  the 

these  segments  is  the  circular  pitch <«£  the  gear.  addendum  circle  and  extend  it  through  the  plotted 

Bisect  each  segment,  making  a  total  of  48  equally  points  to  stop  slightly  below  the  base  circle.  Below 

spaced  poinu  on  the  pitch  circle.  These  points  will  the  base  circle,  draw  a  radial  line  from  the  center  of 

be  used  to  draw  the  required  teeth.  the  gear  tangent  to  the  tootlwface  curve.  Stop  the 


Figure  1-27.  Spur  gear  and  pinion. 
s27 


straight  radial  line  slightly  above  the  bottom  of  the 
tooth.  Round  the  inner  comen  at  the  bottotn  of 
each  tooth  recess  by  drawing  a  small  fillet. 

(7)  The  pinion  is^drawri  by  following  the  same 
steps.  Divide  its  pitch  circle  into  16  equal  segments; 
then  bisect  each  segment  to  give  32  points  on  the 
pitch  circle.  The  circular  pitch  of  both  gears  should 

A  be  the  same. 

(8)  Use  a  radius  equal  to  one-eighth  of  the  pitch 
diameter,  making  sure  that  you  take  one-eighth  of 
the  pinion  pitch  diameter— not  that  of  the  larger 
gear.  With  this  radius,  draw  arcs  to  define  the  face 
and  part  of  the  flank  of  each  tooth  on  the  pinion. 
Draw  radial  lines  to  complete  the  flanks  and  fillet 
the  inner  comen  of  each  tooth  recess.  On  gears  with 
16  teeth  or  fewer,  the  radius  used  to  draw  tooth 
curves  may  be  increased  to  reduce  undercutting. 
Undercutting  produces  a  tooth  whose  chordal 
thickness  is  much  greater  than  its  thickness 
measured  along  the  root  circle. 

Stub  Tooth.  When  this  **conventional  method*"  is 
used,  the  true  shape  of  the  gear  tooth  profile  is  only 
approximated,  but  the  method^  sufficiently 
accurate  for  assembly  drawings.  If  the  pressure 
angle  is  drawn  at  20"^  and  the  height  of  the  tooth 
decreased,  a  stub  tooth  gear  is  produced.  Stub  teeth 
are.drawn  in  the  same  manner  as  standard  teeth,  the 
only  difference  being  that  smaller  diameters  are 
specified  for  the  addendum  and  the  dedendum 
circles. 

Rack.  When  gear  teeth  are  cut  on  a  straight,  flat 


surface,  a  rack  is  formed.^e  teeth  on  the  rack 
usually  engage  with  a  spur  gear,  which  revolvcsJo 
move  the  rack  in  a  straight  lirte.  The  linear  pitch  of  ' 
the  rack  must  be  the  same  as  the  circular  pitch  of  the 
gear.  And  the  straigiit  sides  of  the  rack  teeth  must  be 
inclined  at  an  angle  equal  to  the  pressure  angle  of 
the  gear.  The  rack  teeth  must  also  have  the  same 

.  height  proportion  (addendum  and  dedendum)  as 
the'^paifj^^^th.  To  draw  arWk?^ou  must  know 

"the  number  of  teeth,  the  linear  pitch,  and  the  tooth 
depth.  Tooth  thickness  and  other  dimensions  are 
calculated  in  the  same  manner  as  for  spur  gear  teeth. 
A  profile  view  of  a  rack  resembles  a  section  view  of 
acme  threads. 

DetaO  Drawing  of  Spur  Getr«  Detail  drawings  of 
spur  gears  are  very  siniple  to  prepare  if  the  gear  is  to 
be  machine  cut  from  a  blank  cylinder.  Dimensions 
of  the  gear  blank  and  other  necessary  informatioA 
concerning  the  teeth  are  give/i  in  the  notes,  as 
illustrated  in  figure  1-28.*  It  is  customary  to  show 
only  one  vi€S',  this  view  being  in  section. 
Occasionally,  a  circular  view  is  needed  to  show 
keyways,  spokes,  and  other  features  not  evident  in 
the  section  view.  A  partial  circular  view  may  be  used 
if  it  will  supply  the  needed  details.  Where  a  full 
circular  view  is  shown^  the  addendum  (outer)  circle 
is  represented  by  a  fine  solid  line  or  by  a  fine  line 
composed  of  long  dashes  separated  by  two  short 
dashes.  The  pitch  circle  is  drawn  as  acenterline,  and 
the  dedendum  or  root  circle  as  a  hidden  line,  or  as  a 
line  similar  to  the  addendum  line. 


Exercises  14M): 


I.  Matc^  the  following  terms  and  definitions. 


Clearance 
Pressure  angle  ^ 
Circular  pitch 
Dumetral  pitch 
Base  circle 
Chord  thickness 
Working  depth 
Depth  of  tooth 
Root  diameter 
Outside  diameter 
Dedendum 
Addendum 
Pitch  diameter 
and  pitch  circle 
Cycloid 
Rack 
involute 
Pinion 


(l)The  diameter  of  the  im- 
aginary cylinder  from 
which  the  spur  gear  ty 
denved,  The  pitch  circle 
has  a  diameter  equal  to  ihe 
pitch  dumeter. 

.  (2) The  portion  of  the  tooth 
added  to  the  cylinder.  It  is 
the  radial  disunce  from  the 
pitch  circle  to  the  top  of  the 
tooth.  Corftbed,  it  is  the 
.radial  distaiice  from  the 
top  of  the  tooth  to  the 
chord  of  the  pitch  circle. 

.  (3)  The  recesses  into  which  the 
projecting  teeth  of  a  nruting 
gear  enter,  allowing  the 
teeth  to  mesh.  It  is  the 
radial  distance  from  the 
pitch  circle  to;he  bottom 
of  the  toothy 

.  (4) The  diameter  of  the  root 
circle. 

.  (5>The  total  height  of  the 
tooth. 

.  (6) The  distance  that  a  tooth 
^projects  into  the  space 
between  two  teeth  on  the 
mating  gear.  Equal  to  twide 
the  addendum. 

.  (7) The  disuncc  between  the 
top  of  a  tooth  and  the  bot- 
tom of  the  mating  space. 

.  (8) The  circle  froni  which 
tooth  curves  are  formed. 

,  (9  The  number  of  gear  teeth 
|xr  inch. 

-(10)  The  distance  between  cor- 
responding points  of  adja- 
cent teeth. 

.  ( 1 1  )The  diameter  6{  ihe  adden- 
dum circle. 

.(12) The  smaller  of  two  mating 
gears. 

.(13)  A  curve  generated  by  a 
point  on  the  circumference 
of  a  circle  as  the  arcle  rolls 
on  a  straight  line. 

.(J4)A  curve  generated  by  a 
point  on  a  taut  string  as  the 
string  IS  unwound  from  a 
cylinder. 

.  (l5)Gear  teeth  drawn  on  a 
straight  flat  surface. 


1-8.  B«v«i  QMrs 

Although  the  axes  of  spur  gears  are  parallel,  the 


^;,of  bevel  gears  intersect.  Generally  the  axes  of 
bevel  gears  are  at  right  angles  to  each  other,  but  they 
may  make  a  greater  or  smaller  angle  than  90®. 
Figure  1*25  illustrates  bevel  gears  as  cones  whose 
surfaces  are  tangent  and  whose  axes  intersect  at  a 
common  apex. 

409.  Define  five  terms  associated  with  drawing 
bevel  gears. 

Terminology.   Figure   1-29   illustrates  the 
important  dimensions  and  terms  associated  with  / 
bevel  geafs.  Let's  look  at  a  few  of  these  terms:  / 

Pitch  diameter— the  diameter  of  the  base  of  thy 
pitciitone.  / 

•  Pilbh  cone  radius— the  slant  height  of  the  pi|ch 
cone. 

•  Addendum  and  dedendum— the  same  as  fol"  a 
spur  gear  of  the  same  diametral  pitch.  These 
distances  are  measured  at  the  large  end  of  the  tooth, 
as  indicated  in  the  ill^tration. 

•  Pitch  cone  angle— the  angle  formed  by  an 
element  of  the  pitch  cone  and  the  cone  axis. 

•  Edge  angle— is  usually  equal  to  the  pitch  cone 
angle. 

•  Cutting  angle— the  pitch  cone  angle  minus  the 
dedendum  angle. 

•  Face— the  width  of  the  gear  tooth.  This  width 
should  not  be  greater  than  one-third  the  length  of 
the  pitch  cone  radius. 

Drawing  Bevel  Gears.  A  detail  drawing  of  a  bevel 
gear  gives  dimensions  and  necessary  data  for  cutting 
the  gear.  A  sectional  view  usually  provides  all  the 
necessary  information.  Figure  1-30  illustrates  the 
method  commonly  used  for  bevel  gear  working 
drawings.  On  assembly  drawings,  it  may  be 
necessary  to  draw  the  gear  teeth.  The  following 
method  docs  not  give  exact  tooth  shape,  but  it  is 
sufficiently  accurate  for  assembly  drawings.  In 
figure  1-31,  the  bevel  gear  tooth  profiles  are 
developed  on  a  plane  surface  which  is  a  developed 
cone  surface.  When  thus  constructed  on  a  plane 
surface,  the  tooth  profiles  are  drawn  in  the  same 
manner  as  for  spur  gears.  The  construction  is 
explained  in  the  following  paragraphs. 

Side  view.  For  a  side  view  of  the  gear,  draw  the 
pitch  cone,  addendum  angle,  and  dedendum  angle 
to  define  the  whole  depth  of  the  gear  tooth. 

Then  draw  the  outhne  (element)  of  another  cone, 
called  a  back  cone;  this  element  is  at  right  angles  to 
the  pilch  cone  element.  The  apex  of  both  cones 
should  be  on  the  shaft  centerline.  With  the  back 
coifc  apex  as  a  center,  draw  the  developed  arcs  of  the 
pitch,  addendum  and  dedendum  circles.  On  these 
arcs,  lay  out  gear  tooth  profiles  just  as  you  did  for 
spur  gear?.  The  diameter  of  the  base  circle  can  be 
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Figure  1-30.  Working  drawing  of  bevel  gctr. 


SIDE  VIEW  '  FRONT  VIEW 

(OF  BEVEL  GEAR)  (SAME  GEAR  OR  MATING  GEAR) 


figure  t>3t.  Bevel  gears  in  assembly. 
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estimated »  vr  it  can  be  constructed  as  shown  in 
figure  1-27. 

You  must  remember  that  the  actual  circular  pitch 
is  found  by  dividing  the  circumference  of  the  pitch 
circle  by  the  number  of  teeth.  Do  not  use  the 
developed  pitch  circle  to  compute  circular  pitch— 
the  width  of  the  large,end  of  the  tooth  would  be  too 
great. 

Having  found  the  circular  pitch,  lay  out  two  or 
three  tooth  profiles  on  the  developed  back  cone. 
Pass  a  center  line  from  the  apex  of  the  back  cone 
through  the  center  of  the  developed  tooth  profile. 
From  this  ccnterline,  you  will  obtain  width 
measurements  as  indicated.  These  measurements 
are  used  to  draw  tTie  front  view  of  the  gear. 

Front  view.  The  front  view  of  the  same  gear 
would»  of  course,  belong  to  another  view. 
Therefore,  the  location  of  the  center  of  the  view  will 
depend  on  the  layout  of  the  entire  drawing.  If  the 
side  view  is  the  only  view  required,  one  half  of  the 
front  view  is  drawn  as  a  construaion.  After  a  half 
view  is  thus  drawn  and  used  to  complete  the  side 
view,  the  front  view  construction  will  be  erased.  If 
the  front  view  is  used  only  as  a  construction,  it  may 
,be  drawn  on  a  separate  sheet  taped  in  place  on  the 
main  drawing  sheet. 

To  draw  the  front  view  of  the  same  gear  which  is 
'  shown  in  the  side  view: 

( 1 )  Extend  the  side  view  axis  to  the  right,  so  that 
the  front  view  can  be  properly  alined  upon  it.  From 
a  centerpointon  this  axis,  draw  circles  to  define  the 
outside  diameter,  inner  and  outer  pitch  circles, 
tooth  depths,  and  the  diameter  of  the  small  end  of 
the  tootft  surface. 

(2)  Divide  the  outer  pitch  circle  circumference 
into  the  same  number  of  spaces  a^i  the  number  of 
teeth  required.  In  figure  1-31  the  gear  is  to  have  12 
teeth,  so  the  teeth  will  be  spaced  as  shown. 

(3)  Draw  radial  lines  from  the  center  of  the 
circular  view  through  the  12  points  found  by 
dividing  the  pitch  circle.  This  provides  ccnterline 
axes  of  symmetry  upon  which  to  construct  each 
tooth. 

(4)  Transfer  width  dimensions  for  the  large  end 
of  the  tooth.  TakQ.  these  dimensions  from  the 
developed  tooth  profile  and  lay  them  out  on  tooth 
centerlines  as  indicated.  Draw  the  outer  end  tooth 
curves  in  the  front  view  with  an  irregular  curve. 

(5)  Draw  radial  lines  from  the  center  of  the  gear 
tangent  to  the  curves  whicFV  were  plotted  on  the 
large  end  of  the  tobth.  These  radidl  lines  will  locate 
corresponding  points  on  the  small  end  of  the  tooth. 
Again,  use  an  irregular  curve  to  draw  the  tooth  face 
curves  which  form  the  small  end  of  each  tooth. 

(6)  Draw  all  teeth  in  the  front  view;  then 


complete  the  side  view  by  projecting  points  from  the 
front  view  of  the  side  view.  Points  on  the  tooth  face 
curves  and  depth *llne  must  be  projected  for  each 
tooth.  Each  tooth  in  the  side  view  will  appear 
different  from  adjacent  teeth.  However, 
symmetrically  placed  teeth  will  be  alike  m  the  front 
view. 

Exercises  (409): 

1.  Define  the  following  terms  as  they  relate  to  the 
bevel  gear, 
a.  Pitch  diameter. 


b.  Pitch  cone  angle. 


c.  Cutting  angle. 


d.  Face. 


Circular  pitch. 


1-^9.  Production  Drawings 

Now  that  you  have  learned  how  to  draw  thrcacis, 
bolts,  nuts,  gears,  as  individual  items,  we  will 
discuss  production  drawings.  In  this  type  of 
drawing,  you  will  be  showing  a  combination  of 
many  of  the  individual  items.  These  drawings 
furnish  data  which  will  give  the  exact  size  of  parts, 
the  kind  of  material  from  which  theyareto  be  made, 
and  the  manner  in  which  the  parts  are  to  be 
assembled  in  the  completed  machine.  From  the 
design  sketches  and  layouts  already  prepared,  you 
will  prepare  detail  and  assembly  drawings.  These 
are  the  workifigdrawmgs  used«by  workmen  who  are 
to  produce  the  product. 

410*  Given  a  situation  calling  for  a  typeof  drawinc, 
ntm^  the  type  of  drawing  described* 

Machine  Drawings*  Machine  working  drawings 
are  generally  divided  into  two  general  classes; 
assembly  drawings  and  detail  drawmgs.  There  are, 
however,  three  other  types  of  drawings  with  which 
you  should  he  familiar:  modification  drawings, 
installation  drawmgs,  and  wiring  diagrams. 


Assembly  drawing.  An  assembly  drawing  is  an 
orthographic  drawing  which  shows  all  the  parts  of  a 
machine  fitted  together  in  their  relative  working 
positions.  These  drawmgs  vary  greatly  in  regard  to 
dimcnsionmg  and  completeness  of  detail.  The 
dimensions  are  sometimes  shown  for  installation 
purposes  only  so  that  another  designer  who  wishes 
to  use  the  ynit  will  allow  adequate  space  for  it  to  be 
fitted  into  place.  Siich  drawings  show  the 
appearance  of  the  unit  as  a  whole.  When  the  unit  is 
small,  complete  information  is  given  on  the 
drawing;  and  it  may  be  used  as  a  working  drawing. 
On  such  a  drawing,  called  an  assembly  working 
drawing,  each  piece  is  completely  dimensioned  and 
no  additional  drawings  are  required. 

If  the  object  is  complicated,  a  complete  assembly 
may  not  be  drawn.  A  set  of  subassembly  drawings 
would  be  prepared  to  take  the  place  of  a  complex 
drawing  of  the  entire  object.  Thus,  a  subassembly 
drawing  is  an  'assembly  ^drawing  of  a  group  of 
related  parts  that  form  a  unit  in  a  more  complicated 
machine.  This  subunit  would  be  fitted  with  other 
subunits  and  individual  pieces  to  make  up  the 
complete  object.  This  type  of  drawing  is  often  called 
a  group  assembly. 

Detail  dravving.  This  type  of  drawing  is  one  which 
gives  complete  information  for  the  manufacture  of  a 
component  part  of  an  assembly..  The  drawing 
includes  dimensions,  specifications  of  materials, 
shop  notes,  changes,  part  number,  number  of  parts 
required,  and  other  information  relative  to  the 
manufacture  and  assembly  of  the  part. 

Only  parts  which  are  not  standardized  need^  be 
detailed.  For  example,  it  would  not  be* necessary  to 
draw  a  detail  of  a  ball  bearing  since  this  particular 
part  is  purchased  as  a  complete  unit  from  a 
commercial  manufacturer. 

In  machine  detailing,  each  piece  may  be  detailed 
on  the  same  sheet,  when  several  details  are  placed  on 
the  same  sheet,  the  same  scale  should  be  used  to 
draw  each  part.  If  different  scales  are  used,  the  scale 
for  each  indwidual  detail  must  be  spccifuMi  in  an 
appropriate  place.  The  usual  practice  is  to  denote 
the  scale  directly  under  the  view. 

Modification  drawing.  When  changes  are  to  be 
made  to  existing  equipment,  a  modification 
drawing  is  used.  The  title  of  the  drawing,  illustrated 
in  figure  1-32,  indicates  that  parts  are  to  be  modified 
rather  than  manufactured.  Some  modification 
drawings  call  out  parts  that  must  be  added  or 
changed  in  making  the  modification.  Thrf  drawing 


number  is  usable  as  a  new  part  number  for  the 
modified  part. 

Installation  dramng.  Assembly  drawings  *are 
frequently  used  to  give  the  information  required  for 
the  installation  or  erection  of  equipment,  and  are 
then  called  installation  drawings.  This  type  of 
drawing(seefig.  1-33)  shows  the  location  and  means 
of  attaching  one  or  more  .related  parts  to  the 
complete  article  or  to  one  of  its  major  components. 
These  drawings  give  complete  information  for 
installing  the  parts.  Unlike  .the  modification 
drawing,  installation  drawing  numbers  are  not 
usable  as  part  numbers. 

Wiring  diagrams,  A  wiring  diagram,  illustrated  in 
figure  1-34,  shows  the  wiring  necessary  to  connect 
components  together  electrically.  Schematic  wiring 
diagrams  show  how  electrical  or  electronic 
equipment  will  operate.  With  these  diagrams,  we 
can  trace  circuits  and  understand  their  functions. 
Reading  a  schematic  diagram  consists  of  tracing 
circuits  and  visualizing  what  action  occurs  as  the 
result  of  changes  in  operating  controls  and  receiving 
sijmals. 

Wiring  diagrams  often  specify  part  names  and 
numbers  in  addition  to  those  for  wires,  but  the 
winng  diagram  should  not  be  used  as  a  source  of 
part  numbers  or  names.  These  part  numbers  and . 
^  names  should  be  taken  from  assembly,  detail,  and 
modification  drawings  only.  Title  block 
information  is  the  same  as  detail  drawings  with  the 
exception  of  scale  and  weight  which  are  «not 
applicable.  An  application  column  on  the  drawing 
shows  the  applicable  models  of  aircraft  or  other 
units  for  which  the  drawing  is  made. 

You  will  find  that  the  proper  selection  of  views 
will  do  much  to  make  drawing  easier  and  at  the 
same  time  will  give  complete  descriptions  of  an 
object.  Each  drawing  in  a  complete  set  of  drawings 
must  supplement  the  others  by  adding  to  the  total 
picture;  each  view  must  contribute,  or  it  is'not 
\^cdcd. 

With  more  complex  structures,  more  views  are 
needed.  Some  of  these  are  auxiliary  views,  partial 
views,  and  section  views.  Your  first  question  should 
be,  "Is  this  view  nece$saryT'  While  making  a 
drawing,  you  must  keep  the  reason  for  making  it 
clearly  in  mind  and  also  remember  that  the  final 
value  of  a  drawing  is  its  clearness  and  exactness  in 
giving  information  necessary  for  making  the 
finished  product.  ^ 
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Exercises  (410): 

I.  \yhat  type  of  drawings  arc  orthographic 
drawings,  and  show  all  parts  of  the  machine 
•   fitted  together  in  their  working  positions? 


2.  What  type  of  drawings  contain  dimensions, 
specifications  gj^material,  shop  notes,  changes, 
part  numbers,  number  of  parts  required,  and 
other  information  related  to  the  manufacture 
and  assembly  of  the  parts? 


3.  What  type  drawing  specifies  changes  when 
changes  on  the  original  drawings  arc  to  be  made? 


J 


411.  Give  ^ee  factors^ affecting  the  scale  of  a 
drawing,  and  the  five  scale  sizes  usually  used. 

Scale.  Machine  drawings  are  usually  made 
double  ^M^ej^ll  size,  one-half  size,  one-quarter  size, 
or  onercignth  size.  The  choice  of  the  scale  depends 
upon  the  size  of  paper  used,  the  necessity  for 
showing  small  details  clearly,  and  the  amount  of 
dimensioning  to  be  added  to  the  view.  Details 
should  be  drawn  to  full  size  when  possible;  but  if  the 
part  is  very  small,  it  must  be  drawn  to  an  enlarged 
scale,  perhaps  twice  actual  size.  You  must, 
therefore*  know  how  to  scale  a  drawing. 

Tlie  problem  of  scaling  a  drawing  is  greatly 
simplified  if  you  have  a  mechanical  engineer*s  scale. 
On  this  type  scale,  the  primary  units  represent 
inches.  Divisions  of  primary  units  represent  the 
commonly  used  decimal  fractions  of  an  inch.  For 
example,  on  the  scale  labeled  ""20^  the  primary  unit 
is  one-half  inch.  One*half  inch  is  then  marked  off 
(divided)  into  fractions  in  the  same  manner  as  the 
full-sized  scale.  When  all  units  are  subdivided 
throughout  the  length  of  the  scale,  the  scale  iscalled 
full-divided.  When  only  the  first  primary  unit  at  the 
end  of  the  scale  is  subdivided,  the  scale  is  called  end* 
divided.  You  learned  to  use  the  various  types  of 
scales,  used  by  mechanical  engineers, .  civil 
engineers,  and  architects,  in  an  earlier  volume  of 
this  course.  However,  a  review  of  the  u^e  pf  these 
scales  at  this  time  in  connection  with  machine 
drawing  would  be  helpful  to  you. 


The  architect's  scale  is  usually  end-divided.  The 
primary  unit  at  the  end  o&the  scale  represents  1  foot 
and  is  divided  into  parts  representing  inches,  and  in 
some  cases  frajuctl^of  intra^  Figure  1-35  shows 
two  of  the/scales  which  you  will  find  on  an 
architect's  scale.  ^ 

To  compare  the  two  types  of  scales,  take  one- 
foUrth  inch  as  a  primary  scale  unit.  On  a  mechanical 
scale  having  one-fourth  inch  as  the  primary  unit,  the 
scale  is  labeled  '^40,'*  and  the  end  unit  is  subdivided 
to  represent  fractions  of  an  inch.  Any  object  drawn 
to  this  scale  appears  one-fourth  its  actual  size.  On 
the  other  hand,  an  architect's  scale  having  one- 
fourth  inch  as  the  primary  unit  will  scale  the  object 
down  to  1/48  actual  size. 

The  end  unit  on  the  architect's  scale  represents  1 
foot  and  is  divided  into  12  parts, each  representing  1 
inch.  You  can  see  by  examining  your  own  scale  that 
the  largerscales,  such  as  the  number**3'' scale  sho>5{n 
in  figure  1-35,  are  subdivided  so  th^t  the  smallest 
division  represents  a  fraction  of  an  inch.  On  the 
smaller  scales,  the  subdivisions  cannot  be  carried 
out  quite  so  extensively.  The  smallest  scale,  3/32, 
has  an  end  unit  divided  into  6  equal  parts,  so  that 
each  subdivision  represents  2  inches.  On  these  small 
scales,  it  is  impossible  to  measure  out  fractions  of  an , 
inch.  The  drawing  will  be  slightly  inaccurate;  but 
since  true-size  dimensions  are  given,  the  workman 
will  have  no  difficulty. 

To  use  an  architect's  scale  for  a  machine  drawing, 
you  must  always  remember  that  the  end  units  are 
subdivided  to  represent  1  foot— not  1  inch.  ListccT^ 
below  are  various  scales  for  machine  drawings;  and 
with  each  one  listed,  there  appears  a  procedure  for 
using  an  architect's  scale. 

•  Full  size.  Use  the  full  size  scale  and  let  each  inch 
represent  1  inch. 

•  Half  sizci  If  the  object  is  too  large  to  fit  on  the 
paper  in  full  size,  it  can  be  reduced  to  half  size.  Use 
the  full-size  scale  and  let  each  half  inch  represent  1 
inch,  as  shown  in  figure  1-37.  Or  you  may  mentally 
divide  every  given  dimension  in  half  and  lay  it  out 
accordingly. 

•  Quarter  size.  If  further  reduction  is  needed,  you 
may  use  the  full  scale  and  let  V4  inch  represent  1  inch. 
Or  you  can  use  thesidelabcled  '*3'*  on  the  architect's 
scale.  On  this  3"  -  10  scale,  the  subdivided  portion 
representing  1  foot  is  actually  3  inches  long;  each 
mark  representing  !  inch  is  actually  V4  inch  long. 
Therefore,  this  scale  can  be  used  directly  to  make 
machine  drawings  to  one-fourth  actual  size  (see  fig. 
1-35).  ^ 

Eighth  size.  For  this  size, '/l  inch  equals  1  inch. 
Therefore,  the  '^iV:''  (I'/i*  =  10  architect's  scale  can 
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be  lued^nce  its  divisions  representing  inches  are 
actually  /i  inch  in  size. 

•  Eighth  size.  Use  the  full  scale  and  double  every 
dimension.  On  the  end-divkled  architect's  scale,  as 
you  know,  only  the  end  units  are  subdivided.  The 
inner  end  of  each  subdivided  unit  is  marked  with  a 
zero,  and  two  scales  appear  on  one  face.  There  are 
two  lines  of  numbers  on  one  face— one  line  of 
numbers  applies  to  one  scale  and  the  other  line  of 
numbers  applies  to  the  scale  at  the  opposite  end  of 
the  same  face.  The  smaller  of  the  two  scales 
appearing  on  any  one  face  is  always  half  of  the 
larger,  and  the  division  marks  of  the  smaller  scale 
coincide  with  markings  which  also  apply  to  the 
larger  scale.  You  must  be  sure  that  you  follow  the 
correct  line  of  numbers  when  you  work  with  such  a 
scale.  When  a  scale  on  the  right  end  of  the  stick  is 
used,  foot  measurements  are  read  to  the  left  of  the 
zero  mark  and  inch  measurement  are  read  to  the 
right.  Conversely,  with  a  scale  on  the  left  end  of  the 
stick,  foot  measurements  are  made  to  the  right  of 
the  zero  point  and  inch  measurements  are  made  to 
the  left.  As  shown  in  the  lower  part  of  figure  1-37, 
measurements  involving  inches  may  be  set  off  from 
either  end  of  the  subdivided  unit.  For  distances  over 
1  foot,  the  zero  end  of  the  subdivided  unit  is  easier  to 
use,  because  it  can  be  used  along  with  the  foot 
divisions.  For  example,  to  mark  off  IS  inches,  set 
the  1-foot  mark  on  one  end  of  the  object,  read  back 
toward  the  zero  point  to  obtain  12  inches,  and  add 


three  1  -inch  divisions  to  the  right  of  the  zero  point  to 
make  the  total  distance  of  15  inches. 

Very  often  you  will  be  required  to  give  decimal 
dimensions  on  a  drawing,  and  you  must  change 
common  fractions  to  decimals.  You  can  find  handy 
charts,  ealled  conversion  tables,  which  can  be  used 
to  convert  common  fractions  into  their  decimal 
equivalents. 


Exercbes  (411): 

1 .  What  are  the  three  factors  affecting  the  scale  of  a 
drawing? 


2.  List  the  five  scale  sizes  usually  used  to 
drawing. 


412.  Name  the  types  of  information  usually  found 
in  title  blocks  and  other  types  of  information 
sometimes  used  on  assembly  drawings. 

Title  Blocks.  The  type,  form,  location,  and 
completeness  of  title  blocks  vary  greatly.  Every 
commercial  drafting  room  has  developed  its  own 
standard  titles;  and  likewise,  various  military 
organizations  have  developed  standard  title  blocks 
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to  suit  their  particular  mission.  In  general,  titles 
should  contain  the  following^nformation. 

a.  Name  of  the  part  or  striJtture. 

b.  Name  and  location  of  organization. 

c.  Scale  or,  scales  used. 

d.  Date. 

e.  Name  or  initials  of  draftsman,  tracer,  checker, 
and  head  engineer. 

/  Drawing  mimbcr.  (The  drawing  number 
assigned  will  depend  upon  th^  system  used.  The 
number  may  serve  a  dual  purpose;  for  filing 
drawings  and  to  give  information  in  code  form.) 

Some  of  ttte' illustrations  in  this  chapter  show 
drawings  which  in  addition  to  having  title  blocks, 
have,  other  blocks  for  recording  information.  On 
figure  I -33,  for  example,  the  Revisions  block 
contains  no  entries.  When  a  revision  is  made,  this 
block  is  used  to  statewhat  change  was  made,  when  it 
was  made,  by  whom  it  was  made,  an^l  the  approving 
agent.  In  the  same  figure,  another  block  dc^s  with 
Application  and  Quantity  Required.  The  Quantity 
Required  section  is  filled  in  with  the  number  needed 
in  the  next  assembly  and  also  in  the  final  assembly. 
You  can  sec  by  this  block  in  figure  1  -33  that  only  one 
IS  required  for  the  completed  unit. 

The  Application  scciion  tells  where  the  part  is 
used.  The  type  number  of  all  equipment  using  the 
part  is  entered  in  the  correct  Wock.  The  next  Ass*y 
position  of  Ihe  Application  block  is  filled  out  with 
the  drawing  number  of  ftie  assembly  in  which  the 
part  is  found. 

This    basic    system    of  identification  and 
information  blocks  makes  for  easier  filing,  and  all 
drawings  which  are  related  to  each  other  can  bc^ 
easily  located  for  use.  This  system,  with  necessary 
variations,  is  used  by  all  Air  Force  organizations. 

*Other  types  of  information  blocks  which  you  may  ^  - 
use  on  assembly  drawingTaw  Bill  of  Material.  List 
of  Parts,  Not  Detailed,  Bou^t.  and  Assembly 
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Parts  List.  These  lists  are  technical  records  which 
makc^  supplementary  oral  or  written  information 
unnecessary. 

Vtlue  of  Machine  Drawing.  The  information  in 
this  chapter  has  been  presented  from  the  standpoint 
of  machine  drawing.  However,  you  should  realize 
that  machine  drawing  is  the  application  of 
fundamental  principles  to  one  specific  branch  of 
engineering.  Assembly  and  detail  views  and  the  use 
of  notes,  titles,  and  record  blocks  on  drawings  are 
by  no  means  exclusive'to  drawings  made  for  the 
machine  industry.  You  will  find  that  the  ability  to 
make  neat  and  accurate  machine  drawings  prepares 
you  for  the  .study  of  other  specialized  types  of 
drawing,  such  as  architectural,  structural,  electrical, 
and  telegraphic,  to  name  only  a  few. 

Sine?  section  views  appear  quite  frequently  on 
machine-drawings,  there  is  no  better  way  to  becomie 
proficient  in  this  type  of  drawing  than  by  using 
machine  parts  to  illustrate  the  principles  of 
sectioning.  The  study  of  fasteners  was  presented  in  a 
like  manner— from  the  standpoint  of  machine 
drawing  and  as  knowledge  essential  to  structural 

and  aircraft  drawing.  Although  the  study  and 
drawing  of  gears  and  cams  are  primarily  concerned 
with  machine  elements,  they  also  involve  the 
neatness,  accuracy,  and*  exactness  which 
characterize  all  engineering  working  drawings. 

Exercises4412);  ^ 

i:  What  type  of  information  should  a  title  block 
^  contain? 

/ 


2.  V/hat  are  the  two  sections  required  for  a  title 
block  in  an  assembly  drawing?- 
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CHAPTER  2 


Intersections  and  Developments 


GEOMETRIC  SURFACES  arc  often  combined  in 
the  design  of  machine  and  structural  parts.  It  is 
important  to  understand  how  objects  are  made  up 
of  the  intersections  of  different  types  of  surfaces.  In 
the  first  section  of  this  chapter,  we  will  sec  how  the 
use  of  intersections  helps  produce  drawings  of 
three-dimensional  objects.  In  the  second  section,  we 
will  see  how  to  develop  rt^o-dfhiensional  surface 
to  use  for  producing  a  thrcc-dimJisional  object,  for 
example  from  sheet  metal.  / 

2-^1 «  Inttrsections 

When  aiKobject  is  made  Up  of  two  or  more 
different  types  of  surfaces  which  intersect,  each 
surface  extends  only  as  far  as  the  line  of  intersection. 
If  the  two  surfaces  which  intersect  are  plane 
surfaces,  the  line  of  intersection  is  a  straight  line.  If 
the  intersecting  surfaces  are  a  plane  and  a  curved* 
surface  or  two  curved  surfaces,  their  line  of 
intersection  is  a  curved  line. 

Frequently,  the  intersection  line  between 
Adjoining  surfaces  is  difficuh  to  represent  in 

/fmuliiview  drawing.  However,  if  the  component 
parts  of  a  sheet-metal  object  consisting  of  a  number 
of  different  geometric  shapes  are  to  fit  accurately 
and  smqothly,'  an  accurate  drawing  of  the 
intersecting  surfaces  is  required.  Therefore,  you 
must  know  how  to  represent  the  intersection  lines 
between  yanous  types  of  surfaces.  Such  intersection 
lines  fall  into  one  of  two  general  groups.  In  The  first 
group,  straight-line  intersections  are  produced  by 
intersecting  plane  surfaces.  In  the  second  group, 
c\irved-line  intersections  are  produced  when  ai- 
curved  surface  intersects,a  plane  surface  of  anoth.er  . 
curved  surface.  '  . 

To  find  the  intersection  of  two  surfaces,  locate-the  ' 
points  where  the  ed]^5  of  one  plane  pierce  the  other 

^  plane.  To  find  the  mtcrsectioi^^icK  Involves  a 
curved  surfaceH^te  the  points  of  intersection  of 
surface  elemopts^  by  using^  series  of  cutting  planes, 

^ach  of  which  contains  a  surface  element.  These 
planes  cut  \%t^  on  both  surfaces.  Theintersectioris 
of  tiiese  elements  are  points  on  the  required  line  of 
iniersectiort,  The  butting  planes  must  be  drawn 


through  points  which  will  accurately  locate  the 
curve  ^f  intersection.^  The  procedures  for  finding 
intersections  by  the  "piercing-point"  and  the 
••cutting-plane,*"  methods  are  explained  in  this 
section. 

413,  Answer  key  questions  concerning  procedures 
for  determining  the  point  of  intersection  of  various 
plane  surfaces. 

Intersection  of  Plane  Surfaces.  Before  discussing 
the  intersection  of  plane  surfaces.  Jet's  review  some 
of  the  important  basic  facts  of  multiview  projection 
as  they  pertain  to  intersection.  Let's  start  with  the 
intersection  of  lines  and  planes. 

Intersection  of  Lines  and  Planes.  The  position  of 
both  lines  and  planes  affects  the  intersection.  Both 
the  line  and  the  plane  may  be  in  a  principal  position; 
that  is,  the  line  may  be  parallel  with  two  of  the  three 
principal  planes  of  projection  (horizontal,  frontal, 
or  profile)  and  the  plane  parallel  with  one  plane  of 
projection  and  perpendicular  to  the  other  two;  the 
line  may  be  inclined  and  the  plane  in  a  principal 
^Afosition;  the  line  may  be  skew  (inclined  to  all 
principal  planes)  and  the  plane  in  a  principal 
positionrthe  line  may  be  skew  and  the  ptlane 
inclined;  or  b9th  line  and  plane  may  be  skew. 

Line  and-  plant  in  princij^al  position.  Principal 
positions  of  lines  occur  wfen  the  lines  are  not 
inclined  to  atnyprincipal  plane.  Therefore,  if  the  line 
is  parallel  with,  or  lies  in,  the  principal  plane,  no 
•  *  single  point  of  intersection  is  possible;  but  in  other 
'  positions,  such  as  when'ihe  hne  is  perpendicular  to 
.-the  piane,  a  single  point  of  intersection  exists, 
*  Figure  2-1  illustrates  this  fact.  It  shows  a  horizontal 
profile  line  AB  and  the  three  principal  planes  of 
projection.  Since  the  line  is  parallel  to  the  horizontal 
(lop  view)  and  profile  (side  view)  planes,  the  line  and 
these  planes  do  not  mterscct  except  at  infinity. 
However,  the  line  is  perpendicular  to  the  frontal 
plane,  and  there  is  a  single  point  of  intersection. 
Consider  the  bottom  edge  of  the  horizontal  plane 
and  the  left  edge  of  the  profile  plane  as  edge  views  of 
the  frontal  plane.  Lme  AB  pierces  the  fr'ontal  plane 


40 


273 


r 

c 

B 

a 

A 

»>  • 

c 

Fifurc  2-1.  Intersection    a  line  and  plane. 


at  point  C  in  each  view.  This  apparent  point  of 
intersection  is  often  cailc4'  the  piercing  point:  and 
when  It  pierces  a  plane  ^  as  seen  as  an  edge,  it 
establishes  the  location  of  the  point  in  the  remaining 
view.  By  projecting  point  C  to  the  front  view,  you 
find  the  point  of  intersection  to  be  at  point  AB. 
Thus,  you  have  established  that  the  intersection  of  a 
line  and  a  plane  is  a  point  on  the  line  coincident  with 
the  edge  view  of  the  plane. 

Line  inclined,  planes  in  principal  positions.  When 
a  line  is  not  parallel  to  two  of  the  principal  planes, 

two  points  of  intersection  occur.  For  example, 
figure  2-2  shows  a  frontal  line  AB  which  is  not 
parallel  to  either  the  horizontal  or  profile  plane.  The 
lioe  will  not  intersect  the  frontal  plane  (except  at 
infinity).  The  intersection  with  the  profile  plane  is 
established  by  point  C  in  the  top  and  front  views 
where  the  profile  plane  appears  as  an  edge;  the 


intersection  is  then  easily  projected  to  point  C  in  the 
profile  plane.  The  intersection  with  the  horizontal 
plane  is  established  by  point  D  in  each  of  the  front 
and  profile  views.  Then  it  is  projected  to  the  top 
view  to  locate  the  point  of  intersection. 

If  you  use  the  top  and  left  side  of  the  rectangular 
top  view  as  the  edge  views  of- frontal  and  profile 
planes,  observe  that  line  AB  does  not  intersect  these 
two  planes.  However,  when  you  extend  the  planes, 
points  of  intersection  do  exist. 

Line  skewed,  planes  in  principal  positions.  A 
skew  line  (a  line  inclined  to  all  principal  planes) 
intersects  all  three  principal  planes.  Figure  2-3 
shows  the  skew  line  AB  in  all  three  views.  Notice  in 
the  top  and  frpnt  views  that  line  AB  intersects  the 
edge  representing  the  profile  plane  at  point  D-.  The 
line  and  the  horizontal  plane  intersect  at  point  E 
(shown  on  the  figure  with  dashed  lines  for 
extensions). 

Note  in  every  case  that  the  intersection  is  found 
by  observing  whcffc  the  line  intersects  the  surface  in 
the  edge  view  of  Aestirface.  For  horizontal,  frontal^^ 
and  profile  surfaces,  two  views  always  show  ihk 
surface  as  an  edge.  Thus,  to  determine  the  point  of 
intersection,  you  must  (1)  consult  two  views  and/(2) 
project  the  apparent  point  of  intersection  fron^^one 
view  to  the  surface  in  the  other  view. 

Line  ^skewed,  plane  mclined.  It  is  easy  to  find  the 
intersection  of  a  line  and  an  inclined  plane  because 
the  inclined  plane  appears  as  an  edge  in  one  of  the 
views.  In  figure  2-4,  the  inclined  plane  appears  as  an 
edge  in  the  profile  view.  Project  the  apparent  point 
of  intersection  C  to  line  AB  in  the  front  view  where 
you  can  see  that  it  falls  within  the  confines  of  the 
front  plane.  Point  C  is,  therefore,  the  real  point  of 
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Figure  2-1  Iniericction  of  an  inclined  line  and  plane. 


Figure  2-3.  Intersection  of  a  $kew  line  and  planes. 
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Figure  2-4.  Intersection  of  z  skew  line  and  an  inclined  plane. 

intersection.  By  the  same  method,  you  can  establish 
point  C  in  the  top  view  as  the  real  point  of 
mterscction  of  line  AB  and  the  horizontal  plane. 

Line  and  plane  skewed  Since  a  skew  surface  does 
,not  appear  as  an  edge  in  any  principal  view,  y6u 
must  make  an  edge  view  of  it  if  you  want  to  use  the ' 
same  methodsjust  discussed.  This  is  ilhistrateti  in 
figure  2-5,  which  shows  the  line  A*B  intersecting 
plane  FGH-  First  make  an  edge^vi^w  of  the  skew 
plane  by  looking  in  thedirection  of  line  FG,  which  is 
a-  horizontal  line  of  the  skew  plane,  /^ext,  project 
line  AB  into  the  ^dge  view,  and  aft^r  locating  the 
intersection  E,  project  the  intersection  porpt^back  to 
the  top  view  and  then  to  the  front  and  .side-views;. 

It  is  not  necessary  to  usb  an  extra  (edge)  view  to 
find  the  intersection  of  skew  lines  and  planes.  If  you 
pass  an  edge-view  pla,ne  through  the  Jine,  the. 
iritersecti(Jn  of  this  plane  .with  the  skew  plane  will 
coittain  the  point  of  intersection  between  the  line 
-and  the  skew  plane.  Use  figure  2-5  to  learn  how  this 
is  done.  v 

The  intersection  oi  the. edge- view  planii^d  the 
skew  plane  is  easily  located.  Through  line  AB,  pass  a 
plane  that  appears  as  an  edge  in  thetop  view.  The 
plane  intersects  edge  FG  at  point  Gand  edge  FH  at, 
point  Q.^Then  project  these  two  T5<Ants  to  the  front 
•view  to  establish  points  C  and  D  on\ines  FG  and 
FH.of  this  view.  A  line  through  these  two  points  in 
the  front  view  establishes' the  line  of  intersection 
between  the,  edge^view  plane  and  the  skew  plane 
FGH.  Thus,  the  front  yiew'shows  the  intersection  of 
.  line  A  B  with  line  CD  as  point  E— the  point  common 
to  line,  skew.pliine.  and  erige-view  plane.  To 
complete  thp  location  process,  project  point  E  to  the 
t6p  and  side  \^iews. 

Imers«ctions  of  Planes.  The  process  of  findmg  the 
intersection  of  two  planes  is  similar  to  that  of 
finding  the  intersection  of  a  line  and  a  plane  because 
you  merely  find«the  piercing  pcfints  to  establish  the 


line  of  intersection.  Since  the  edge  of  a  plane  is 
represented  by  a  line,*the  process  is  a  continuation 
of  the  process  thai  h^s  just  been  discusse^i.  Let's 
continue  our  discussion  with  the  planes  in  a 
principal  positionMhcjL  use  an  inclined  position, 
and  finish  wii^^fiTplanes  m  a  skewed  position. 

In  principal  position.  Any  line  of  a  given  plane 
intersects  a  second  plane  on  the  line  of  intersection 
between  the  two  planes.  Therefore,  to  establish  the 
line  of  interaction  between  two  planes,  find  either 
the^intersectionof  two  lines  of  one  plane  with  the 
other  plane  or  one  line  of  each  plane  with  the 
opposite  plane.  The  simplest  case  is  one  of  tjjf  two 
planes  in  a  principal  position.  ^  ,^ 

Figure  2-6  shows  the  p)ane  ABCD  inclined  to  a 
principal  plane  in  both  top  and  front  views.  When 
you  extend  lines  AB  and  CD  to  front  view,  yoiifind 
the  piercing  points  E  and  F  that  these  lines  make 
with  the  horizontal  plane,  which  anptars  in  the 
from  view  as  an  edge.  Then  projc<ft  these  points 
until  they  intersect  the  extensions  oAj««  AB  and 
CD  in  t]ie  top  view  at  points  E  and  F.  Sin^  points  E 
and  F  are  in  both  hdrizontal  and  skew  planes,  a  line 
.drawn  through  them  establishes  the  line  of 
intersection  between  the  two  planes. 

In  inclined  position.  Figure  2-7  shows  a  similar 
situation.  Here,  the  intersection  is  with  an  inclined 
surface  of  an  o{)ject.  Here  again,  we  find»^the 
intersection  by  extending  lines  AB  and  DC  to  the 
edge  view  of  the  inclined  surface  and  then  'by 
projecting  the  piercing  points  to  the  top  and.side 
views.  ^ 

In  skewed  position.  As  in  the  intersection  of  any 
two  planes,  the  intersection  of  two  sljew  planes  is 
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Figyre  2-5^4ntersection  of  a  skew  Itneand  a  skew  plane. 
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(4)  In  the  top  view,  extend  edges  AB  and  CD 
until  they  in^prsect  lines  MQ  and  NP,  respectively. 
The  intersection  points  E  ax)d  F  determine  the  top 
view  lin?  of  intersection  of  the  two  skew  places. 

(5)  Complete  the  solution  by  drawing  line  EF  in 
the  top  view  and  by  projecting  line  EF  to  the  front 

'and  side  views,  as  shown  in  the  illustration! 
> 

Exercises  (413): 

1.  What  does  the  term  **skcw  line"  meln? 


2.  What  are  the  two  steps  used  to  determine  the 
point  of  intersection  of  a  line  shewed,  planes  in 
priticipal  position? 


Figure  2-6.  Intmcction  of  a  plane  and  a  plane  in  the  pnncipal ' 
position. 


determined  by  the  points,  where  two  lines  on  one 
plane  intersect  the  other  plane.  Figure  2-8  shows  the 
skew  plane  ABCD  intersecting  the  slfew  plane 
GHIJKL  To  find  the  intersection  of  these  two 
planes,  use  the  following  procedure: 


3.  How  do  you  establish  the  point  of  intersection 
between  a  line  and  a' plane? 


4.  Which  of  the  three  principal  planes  will  'be 
♦  intersected  by  a  line  parallel  to  the  top  jilane?  ^ 


(1)  In  the  front  view,  pass  edge-view  planes 
through  th^dgcs  AB  and  CD  extended.  The  edge- 
view  planes  then  intersect  the  sk^  plane  GHIJKL^ 
in  lines  OH  and  JK  at  points  M,  N,  P,  and  Q. 

(2)  Project  points  Mi  N,  P,  and  Q  to  the 
corresponding  lines  iri  the  top  view. 

(3)  Draw  lines  NP  and  MQ  which  represrent  the 
intersections  of  the  edge-view  planes*  with  the  skew 
plane  in  the  top  view. 


5.  A  skew  line  intersects  the  six  projection  planes  of 
a  ccjnple^e-view  drawing  a  total  of — times. 


J 


Fxp/at  2-7.  Intefuction  of  a  plane  and  an  inclined  plane. 


Figure  2-8.  Intcr^section  of  skew  planes. 
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.  414.  Describe  the  procedures  for  determining 
intersections  of  certain  planes  and  curved  surfaces, 
and  draw  a  sample  intersecfion. 

Intersections  of  Planes  and  Curved  Surfaces. 

Finding  the  intersections  of  curved  surfaces  or  a 
curved  surface  and  a  plane,  especially  wb«n  one  or 
both  of  the  surfaces  are  in  a  skew  position,  is  a 
difficult  accomplishment.  It  requires  engineering 
geometry.  Therefore,  it  is  not  rricludcd  in  this 
course.'  However,  the  intersections  of  cylinders  and 
cones  in  simple  positions  occur  more  or  less 
frequently  on  machine  parts.  Therefore,  they  are 
discussed  in  the  follpwing  p^graphj . 

.  Intersection  of  plane  and  cylinder.  If  you  shoot  a 
bulW  through  a  tin  can,  the  bullet  makes  two  holes;^ 
one  where  it  enters  and  another  where  it  comes  out. 
You  can  consider  the  two  holes  as  points  of 
intersection  between  the  path  of  the  bullet  and  the 
sides  of  the  can.  In  the  same  way,  a  straight  line 
intersects  a  cylinder  at  two  points.  Since  a  plane 
theoretically  contains  an  infinite  number  of  lines, 
the<intersection  of  a  number  of  lines  on  a  plane  with 
a  cylinder  determHnes  the  intersection  of  the  plane 
and  cylinder.  As  shown  in  tfie  top  view  of  figure  2-9, 
for  example,  the  horizontal  lines  on  plane  ABCD 
intersect  the  cylinder  at  points  1 , 2, 3, 4,  and  5.  (Four 
ofthe  lines  intcrstct  the  cylinder  again,  fcfut  only  the 
five  points  are  shown  to  keep  thedrawingas  simple 
as  po'ssible.)  » 

To  locate  the  points  of  intersection  in  the  front 
view,  extend  the  horizontal  lines  to  the  side  view,  and 
from  there  to  the  front  vi^.  Now,  by  projecting 
points  1,  2,  3,  4,  and  5  from  the  top  view  to  the 
appropriate  lines  in  the  front  view,  you  establish  five 
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Figwe  2-9.  Intmtction  of  an  inclined  plane  and  a  cyhnder 
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Figure  2-10.  Types  of  intersection  of  plane* -and  cones. 

points  of  intersection.  Using  the  same  procedure, 
you  can  establish  enough  points  to  locate  the  entire 
line  of  intersection.  Since -in  the  illustration 
presented  the  plane  is  inclined  at  45°  with  the 
horizontal,  the  intersection  in  the  front  view 
appears  as  a  circle.  If  you  wanted  to'^show  the  true 
size  and  shape  of  the  elliptical  intersection,  you 
would  need  to  draw  an  auxiliary  view. 

Intersection  of  plane  and  cone.  As  shown  in 
figure  2-10,  the  shape  of  the  intersection  of  a  plane 
and  cone.depends  on  their  relative  position.  When 
the  plane  cuts  through  the  axis  of  the  cone,  the 
intersections  are  straight  lines.  When  the  plane  cuts 
the  cone  perpendicular  to  the  axis,4he  intersection 
as  a  circle.  An  elliptical  intersection  occurs  when  the 
plane  is  inclined  to  both  the  axis  and  all  elements  of 
the  cone.  The  intersection  is  parabolic  when  the 
piane  is  parallel  to  one  of  the  elements  and' is 
hyperbolic  when  the  plane  is  parallel  with  the  axis. 

To  find  the  intersection  of  a  plane  and  cone,  use 
the  same  principles  that  were  discussed  in  the 
preceding  part  of  this  section.  Locate  the  piercing 
points  in  the  view  that  shows  one  of  the  surfaces  as  a 
line.  Then,  project  the  points  to  the  same  element  in 
another  view.  Follow  the  procedure  used  to  locate 
the  top-view  intersection  of  the  plane  and  cone 
shown  in  figure  2-11.  The  steps  of  the  procedure  ' 
folLow: 

(1)  Drafw  equally  spaced  elemenu  in  the  view 
that  shows  the  cone  as  a  circle  and  project  these 
elements  to  the  view  which  shows  the  plane  as  a  line. 

(2)  Draw  the  elements  in  this  second  view  to  find 
where  they  intersect  the  cdge-view  of  the  pl^ne. 


Fifurc  2-11.  InicTJcction  of  a  pUnc  and  a  cone.  ^ 

(3)  From  the  cdgc-vicw  plane,  project  the  points 
of  intersection  back  to  the  corresponding  elements 
on  the  first  view.  This  establishes  points>nthe  line 
of  mlerscction  between  the  plane  and  cone. 

(4)  Complete  the  intersection  by  drawing  k 
smooth  curve  through  the  points. 

Although  only  a  few  of  the  possible  combinations 
of  forms  that  produce  intersections  have  been 
discussed,  the  ones  discussed  demonstrate  the  basic 
principles  involved.  You  use  these  same  principles 
to  find  the  intersections  of  three-dimensional 
objects. 

Intersectidns  of  Thrcc-Dimensiontl  Objects.  Just 
as  it  was  impossible  to  show  all  examples  of 
intersecting  planes  and  curved  surfaces,  all 
examples  of  intersecting  thrce-ilimensional  objects 
can  not  be  shown.  However,  enough  representative 
samples  arc  discussed  to  show  how  the  principles 
you  have  learned  about  intersections  arc  applica  to 
three-dimensional  objects.  The  intersections  of  two 
prisms,  a  prism  and  a  cone,  a  cylinder  and  a  cone, 
and  two  cylinders  are  discussed. 

Intersection  of  two  prisms.  You  find  the 
intersection  of  two  prisms  by  locating  the 
intersection  lines  of  the  limiting  surfaces  of  the  two 
solids.  To  do  this,  locate  the  points  where  the  edges 
of  one  prism  pierce  the  surfaces  of  the  other  prism. 
The  example  illustrated  in  figure  2-12  is  simplified 


by  the  fact  that  the  lop  view  shows  the  surfaces  of 
the  triangular  prism  as  edges  and  the  side  view 
'  shows  the  lateral  surfaces  of  the  rectangular  prism 
as  edges.  By  examining  ihe^op  view,  you  can  sec 
that  line  a-S,  which  represents  an  edge  of  the 
rectangular  prism,  pierces  two  surfaces  of  the  other 
prism  at  points  5  and  6.  Project  these  points  from 
^  the  top  view  to  the  front  view  as  shown.  Other 
points  are  found  by  a  similar  process.  For  example, 
locate  points  2  and  j  where  ^ge  c-d  pierces  the 
rectangular  prism  in  the  side  view.  Then,  project 
these  points  to  the  front  view. 

After  finding  all  of  the  piercing  points  which  are 
common  to  both  surfaces,  complete  the  intersection 
by  drawing  lines  between  each  pair  of  points.  In  this 
example,  points  4,  5,  and  6  are  located  in  the  front 
view.  Therefore,  you  can  now  draw  lines  4-5  and  4-6 
of  the  intersection.  Notice  that  each  intersecting 
edge  Slops  at  the  point  where  it  intersects  a  surface 
of  the  other  pri^m.  You  solve  drafung  problems  of 
this  type  as  if  the  intersecting  objects  were  a  single 
unit  rather  than  two  individual  units.  Consequently, 
a  line  connecting  points  8  and  9  would  be 
inappropriate  on  a  view  of  these  intersecting  prisms 
since  it  would  be  inside  one  f)ri$m  and  n^o^bc  • 
common  to  surfaces  of  both  prisms. 
^     When  the  lateral  surf^u^s  of  intersecting  prisms 
do  not  show  as  edges  in  any  of  the  principal  views,  it 
is  necessary  to  draw  a  complete  auxUiary  view 
showing  an  end  view  of  one  of  the  prisms.  Then, 
locate  the  piercing  points  m  the  auxiliary  view,  and 
project  them  to  the  top,  front,  and /or  side  view 
where  you  complete  the  intersection  by  drawing 
straight  lines  betw,ccn  the  appropriate  pairs  of 
points.  /  , 

Intersection  of  prism  and  cone.  The  two 
intersections  of  a  prism  and  a  cone  shown  in  figure 
2-31  frequently  occur  in  drafting  work.  In  the 
intersection  shown  at  A,  the  axis  of  the  square  prism 
coincides  with  the  axis  of  the  right  circular  cone. 
The  following  steps  are  used  to  draw  the 
intersection  of  these  two  forms: 

(1)  In  the  top  view,  which  shows  the  surfaces  of 
the  prism  as  edges  and  the  base  of  the  cone  as  a 
circle,  draw  several  cone  elements  wh#;h  cut  the 
front  surface  of  the  prism.  These  piercing  poinu  are 
shown  as  points  A,  B,  C,  and  D. 

(2)  Locate  the  cone  elements  in  the  front  view  by 
projecting  the  numbered  points  to  their  proper 
positions  on  the  base  of  the  cone. 

(3)  The  top  view  shows  that  the  piercing  points 
A,  B,  C,  D,  and  E  lie  on  surfaces  of  both  forms. 
Locate  these  points  in  the  front  view  by  drawing  a 
vertical  projection  line  from  each  point  to  its 
corresponding  element  in  the  front  view. 

45' 


(4)  Since  the  object  is  symnihricaJ,  points  A  and 
E  are  equidistance  from  the  base  ST  the  cone  in  the 
front  view.  Locate  point -A  in  one  of  two  ways. 
Either  resolve  it  to  a  frontal  position  as  indicated  or 
place  it  at  the  same  height  as  point  E  whose  posiUon 
«  found  by  projecting  point  E  from  the  top  view  to 
element  1  in  the  front  view. 

(5)  After  locating  aU  piercing  points  in  the  front 
view,  complete  the  intersection  of  the  front  surface 
of  the  pnsm  with  the  cone  by  drawing  a  smooth 
curve  through  the  plotted  points.  Since  the  entire 
object  IS  symmetrical,  the  intersecUon  of  the  three 
remaining  vertical  surfaces  with  the  cone  are 
Identical  with  the  curve  shown  in  the  front  view  of 
figure  2-13. 

When  the  axis  of  the  intersecting  prism  is  4t  right 
Mglea  to  the  cone  as  shown  at  B  figure  2-13,  start 
the  drawing  procedure  in  the  view  whdre  the  lateral 
surfaces  of  the  prism  are  shown  is  edges.  In  both 
front  and  top  views,  draw  cone  elements  which  pass 
through  the  triangular  prism  at  various  points 
Project  th#r  piercing  points  .from  the  line  of 
mtersection  in  the  front  view  to  the  top  view  as' 


illustrated  by  point  t.  Now,  project  points  A  and  B 
to  the  tme  length  element  VO  in  the  front  view. 
Then  project  these  points  to  the  frontal  line  VO  in 
the  top  view  and  revolve  them  counterclockwise  to 
their  corre'et  positions  (point  A  on  line  V-7  and 
point  B  on  line  V-4).  Since  the  bottom  surface  of  the 
prism  is  horizontal,  its  intersection  with  the  cone  is 
an  arc  of  a  circle  with  the  radius  VAr. 

Intersection  of  cylinder  and  cone.  To  find  the 
intersection  of  the  cone  and  cylinder  shown  in  figure 
2-l'4,  usehorizontal  cutting  planes.  First,  draw  these 
piAnes  in  the  sidfc  view  where  the  lateral  surface  of 
the  cylinder  appears  as  aiiAge.  Then  projca  the 
elements  cut  from  the  cylindrical  surface  to  the  top 
-  and  frpnt  views.  The  pictorial  view  shows  that  these 
planes  cut  elements  on  the  cylinder  and  circles  on 
the  cone.  For  example,  cutting  plane  2  cuts  element 
2  of  the  cylinder  and  circle  2  ©f  the  cone.  Obtain  the 
top  view  of  this  circle  by  direct  projection  from  the 
front  view  to  locate  point  2  on  line  OA.  Then,  using 
point  O  as  a  center  and  a  radius  0-2,  draw  an  arc 
which  intersects  elemeqt  2  of  the  cylinder.  This 
intersection  point  lie?  on  the  required  line  of 
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intersecUon,  After  locating  all  such  points  in  the  top 
view,  project  etch  point  to  its  corresponding 
element  m  the  front  view.  Complete  the  intersection 
by  driwing  a  line  through  the  established  points. 

Intersection  of  two  cylinders.  Sheet  metal  ducts 
and  machine  parts  often  contain  two  intersecting 
cylindrical  forms.  The  intersection  may  have  any 
one  of  several  shapes— the  shape  in  each  case  being 
determined  by  thesizes  and  positions  of  the  surfaces 
involved.  These  possible  intersections  •  of  two 
.  perpendicular  cylinders  are  illustrated  in  figure  2- 
15.  The  procedure  for  drawing  the  intersection  of 
the  smgle  loop  is  representative  of  all  these  types. 

a.  Perpendicular   cylinders.    Figure  2-16 
illustrates  the  use  of  frontal  cutting  planes  to  locate  • 
:he  mtersectmg  eleirents  of  fvo  perpendicular 
cylinders.  Refer  to  this  illustration  as  you  read  the 
;        /■ollowing  steps  of  the  procedure: 

( 1)  In  the  side  view,  draw  a  series  of  vertical  lines 
rejjresenting  the  edge-views  of  cutting  planes  and 
project  these  lines  to  the  top  view  where  they  also 
appear  as  edges  of  cutting 'planes.  These  cutting 

48 

erJg 


=^]^ 

CI 

===Ci  > 

^°°r^./ — 

8INQL£ 

LLOOP 

ROSSEO  1 

TWO  U 

30PS 

t  cnossci 
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planes  pass  through  clcmcnis'  of  both  cylinders.  Far 
example,  cutting  plane  2  passes  through  pont  a  of 
the  horizontal  cylinder  as  shown  in  the  side  view  and 
through  pcfini  a  of  the  vertical  cylinder  as  shown  in 
the  top  view. 

(2)  From  point  a  in  the  side  view  to*  the  front 
view,  project  line  representing  plane  2. 

(3)  From  the  top  view,  project  point  a  to  cutting 
plane  2  in  the  front  view.  This  locates  point  a  as  a 
point  common  to  bcth  surfaces.  Point  a  is, 
therefore,  on  the  line  of  intersection. 

(4)  In  the  same  manner,  locate  all  necessary 
points  on  the  line  of  intersection. 

(5)  Draw  a  hne  through  all  established  points. 
Since  the  curve  of  intersection  closely  approaches  a 
compass  curve,  you  can  draw  the  intersection  Mne 
with  a  compass  when  accuracy  is  not  important.  Set 
the  radius  ^ual  to  that  of  the  large  cylinder  4nd 
place  the  compass  center  on  the  axis  of  the  smaller 
cyhnder  so  the  arc  passes  through  the  critical  points 
0  and  D  of  the  true  curve.  When  accuracy  is 


important,  plot  enough  points  and  use  an  irregular 
curve  to  draw  the  true  curve. 

b.  Inclined  cylinders.  The  curve  of  the 
intersection  of  two  inclined  cylinders  is  different 
from  the  curve  which  is  formed  when  two 
perpendicular  cylinders  intersect.  However,  the 
methods  used  to  find  the  curve  arc  quite  similar.  As 
shown  in  figure  2-17,  draw  a  revolved  cross- 
sectional  view  of  the  inclined  cylinder  in  the  front 
view  (a  semi-sectional  view  is  sufficient).  Divide  the 
circular  outline  of  the  sectional  view  into  an  equal 
number  of  parts.  Then  project  the  points  of  division 
to  the  top  view.  Draw  horizontal  parallel  lines 
(representing  vertical  cutting  planes)  through  the 
points  of  projection.  The  intersection  of  these  lines 
with  the  circular  view  of  the  vertical  cylinder 
represent  points  which  are  common  to  the  surfaces 
of  both  cylinders.  For  example,  cutting  plane  lines 
a,  b,  and  d  intersect  the  top  view  of  the  vertical 
cylinder  at  points  1,  2,  and  3,  respectively.  Thus, 
these  three  numbered  points  are  on  the  line  of 


3.  What  determines  the  shape  of  the  intersection 
between  a  plane  and  a  cone? 


Fifurt$  2-17.  Intersection  of  two  inclined  cylinders. 


intersection.  They  can  be  located  on  the  front  view 
by  m^ans  of  projection.  Locate  enough 
intcnncdiate  points  so  you  can  draw  an  accurate 
line  of  intersection  by  using  an  irregular  curve  as  a 
gui(Je.  Notice  that  the  line  of  intersection 'is  not 
symmetrical  because  the  axes  of  the  two  cylinders 
are  no^t  aHgned*  ♦  ,  ^ 

Exercises  (414): 

1.  How  cwn  the  intersection  of  a  plane  and  a  ' 
cylinder  be  determined? 


2.  What  is  the  relationship  between  a  plane  and  the 
axis  of  a  cylinder  when  the  following 
intersections  between  a  plane  and  a  cylinder  are 
produced? 

a.  Elliptical. 


b.  Circular. 


Straighi^iines. 


4.  Draw   the    right-side    view  showing 
intersection  of  the  two  prisms  whose  top  and 
front  views  are  shown  in  figure  2-18. 


2-2.  Developrhents 

If  you  have  ever  used  scissors,  paste,  and  heavy 
paper  to  buid  a  3-dimensional  object  such  as  a  box, 
you  are  familiar  with  the  problems  involved  m 
developing  a  surface.  First,  you  lay  the  outlirje  of  all 
surfaces  ia  their  true  size  and  with  all  possible 
common  edges  joined;  then,' you  bend  the  material 
along  the  edges  until  the  rest  of  the  common  edges 
meet;  and  finally,  you  fasten  the  joined  edges 
together.  The  most  importarit  part  of  this  process  is 
the  pattern  or  layout  on  th(e  2\limensional  surface. 
This  pattern  is  called  the  development  of  the 
surface,  and  is  considered  as  the  unrolling  or 
unfolding^ of  the  shape  so  that  it  lies  in  a  single  plane. 

On  many  drawings,  a  development  must  be 
shown  to  furnish  the  necessary  information  for 
making  a  pattern  to  facilitate  the  cutting  of  a  dwired 

.  shape  from  sheet  metal.  Such  developments  of  a 
surface  are  drawn  with  the  inside  face 'Up,  as  it, 
theoretically  would  be  if  the  surface  were  unrolled 
or  unfolded.  This  practice  is  further  justified 
because  sheet-metal  workers  must  make  the 
necessary  punch  marks  for  folding  on  the  inside 
surface.  ^ 

*    Since  it  is  the  draftsman  who  creates  the 
developments  from  which  thin-material  objects  al-e 
made,  yoil  must  have  a  broad  knowledge  of  the  ^ 
methods   of   constructing   various   types  of 
developments.  Before  we  discuss  these  methods,  • 
let's  take  up  some  (j^ndamentals  of  development. 

415.  List  four  types  of  surfaces  theoreticaliy  created 
by  moving  lines,  the  four  most  common  shapes  of 
developable  forms,  and  the  three  methods  of  finding 
the  true  length  of  a  line.  ' 

Most  of*lhe  objects  involved  in  drafting  are 
bound  by  simple  geometric  surfaces  or 
combinations  of  them.  You  should  be  familiar  with 
the  classifications  and  properties  of  these  surfaces. 
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Figure  2-18>*Fuulmg  the  interseaion  of  two  prums. 


i$:iji5sifiation  of  Surfaces*  First  of  all,  let's  define 
the  term  '*5urface.''  It  is  a  2-diinensionaI  pattern 
which,  theoretically,  is  generated  by  the  movement 
of  a  geometric  line.  Surfaces  generated  by  moving  a 
straight  line  are  called  ruled  surfaces,  and  those 
generated  by  moving  a  curved  line  are  called 
double<urved  surfaces.  Figure  2*19  show^  the  four 
types  of  surfaces  created  by  these  moving  lines. 

a.  Ruled  surfaces.  A  great  variety  of  surfaces  can 
be  formed  by  moving  a  straight  line  along  another 
line.  As  shown  at  the  top  of  figure  2-19,  as  line  AB 
(called  the  generatrix)  moves  aldng  line  A  A' (called 
the  directrix)^  it  forms  a  plane  surface  as  long  as  the 
elements  (intervening  positions  of  the  generatrix) 
are  parallel. 

b>  Single-curved  surface.  A  single-curved  surface 
is  generated  by  a  straight  line  moving  in  contact 
with  a  cu^in  such  a  manner  that  any  two 
successive  positions  of  the  generatrix  ^  either^ 
intersca  or  are  parallel.  The  cylinder  and  cone 
shown  in  figure  2-19  are  examples  of  such  surfaces. 

a.  Warped  surface.  A  warped  surface  is  a  ruled 
surface  in  which  no  two  successive  positions  of  the 
straightline  generatrix  are  paraUei  or  intersect  each 
other.  The  hyperbolic  paraboloid  shown  in  figure  2- 
19,  is  an  exjm  pic  of  such  a  surface .  It  is  produced 
by  moving  the  straight  line  AC  along  the  two^ 
nonparallel  lines  AB  and  CD. 


d.  Double-curved  surfaces.  A  double-curved 
surface  is  a  surface  generated  by  moving  a  curved 
line  in  accordance  with  some  mathematical  law.  The 
revolution  of  any  curved  generatrix  about  an  axis  or 
along  a  curve  produces  a  double-curved  surface. 

( 1)  A  sphere  is  a  familiaV  example.  As  shown  at 
the  bottom  of  figure  2-19  it  is  formed  by  moving  a 
circle  about  one  oif  its  diameters. 

(2)  A  spheroid  and  torus  are  other  examples  of 
double-curved  surfaces.^  A  spheroid  is  generated  by 
revolving  an  ellipse'about  either  its  major  or  minor 
axis.  A  xoms  (doughnut  shape)  is  generated  by 
revolving  a  circle  in  a  circular  path  about  an  axis 
which  is  in  the  same  plane  as  the  circle.  Closed 
curves  which  are  not  tnie  circles  may  also  be  used  to 
genepte  tori. 

Developable  Surfaces.  Only  objects  made  up  of 
planes  and^ingle-curved  surfaces  can  be  developed 
accurately.  Figure  2-20  shows  the  four  most 
ccfmmon  forms  that  are  developable:  the  prism, 
pyramid,  cylinder,  and  cone.  As  you  can  see,  the 
developments  shown  on  the  right  arc  obtained  by 
unfolding  or  unrolling  the  forms. 

Although  warped  surfaces  and  double-curved 
surfaces  are  not  developable,  they  rhay  be  developed 
approximately  by  substituting  developable  surfaces 
that   closely    resemble    sections   of  their 
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nondevelopable    surfaces.    Usually,  a 
nondevelopable  surface  is  formed  bjiKlistorting  the 
materia]  from  which  it  is  made.  For  example,  a 
sphere  can  be  formed  (or  covered  smoothly)  only  by 
using  a  material  which  can  be  stretched  into  the 
desired  shape.  A  practical  way  to  determine  whether 
or  not  a  surface  is  developable  is  to  wrap  the  object 
with  paper  or  metal  foil.  If  the  surface  can  be 
wrapped  smoothly  without  stretching  or  crimping 
the  jmpping,  the  surface  is  developable.  In 
indiutry.  Hat  sheets,  of  material  are  pressed, 
stamped,  spun,  orjxiHferwise  formed  to  produa 
double-curved  or  warped  surfaces. 


ELEMENT 


DIRECTRIX 


PLANE 


GENERATRIX 


SINGLE  CURVED 


WARPED 


*  DOUBLE  CURVED 


2- 19,  CItttification  of  surfaces. 
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Figure  2-20.  Dcvefopable  surfaced. 


Revolution  of  a  Line.  The  development  of  an 
object  must  show  each  surface  in  true  size,  shape, 
and  relative  position.  It  is  usually  constructed  from 
multivicw  drawihgs.  Since  iii  drafting  we  present  a 
surface  by  drawing  its  outline,  these  lines  that 
represent  edges  of  the  surface  must  be  true  length.  If 
they  do  not  show  in  the  drawing  in  true  length,  we 
must  find  their  true  length  by  any  one  of  three 
methods.  We  can  find  the  true  lengths  by  drawing 
an  auxiliary  view,  by  revolutjng  the  lines,  or  by 
drawing  true-length  diagrams. 

Figure  2-21  shows  the  principles  of  finding  the 
true  length  of  a  line  by  revolution.  The  line  AB  is^ 
inclined  to  both  the  top  and  front  views  and, 
therefore,  docs  not  appear  true  length.  To  find  its 
JSHlJ^Ilfiil-^  must  rotate  it  until  it  is  parallel  to 
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3.  What  afe  the  rhrcc  methods  of  finding  thrtrue 
length  of  a  line? 


416,  Given  the  top  and  front  views  of  selected 
developable  surfaces,  construct  half  or  full 
developments  as  instructed* 

Types  of  Developments.  E>cvelopments  may  be 
classified  according  to  the  type  of  surface  involved 
or  according  to  the  method  used  in  drawing  them. 
Since  we  are  interested  in  the  drawing  aspect  of 
developments,  we  will  use  ^  the^  method  of 
construction  as  the  basis  for  classification. 

The  three  methods  used  to  develop  surfaces  are 
fcno^n  as  parallel  line,  radial  line,  and 
trfangulaiion.  The  parallel-line  method  is  used  to 
Sdevelop  surfaces  of  pri^s  and  cylinders.  The 
radial-line  method  is  use^  to  develop  surfaces  of 
regular  tapering  forms,  si/ch  as  pyramids  and  cones. 
The  triangulafion  metfii^d  is  used  to  develop  warped 
and  double-curved  surfaces  which  are  considered 
nondevelopable. 

The  rest  of  this  chapter  deals  with  the  principles 
on  which  developments  of  theforementioned  types 
are  based.  These  principles  all  have  practical 
application  in  solving  drafting  problems.  In 
.  addition  to  knowing  how  to  draw  the  developments 
discussed  here,  you  must  be  familiar  with  the  factors 
inherent  in  the  manufacturing  process.  This  means' 
that  you  must  know  or  be  able  to  find  out  the 
amounjt  of  extra  material  needed  to  form  bends  and 
seams.  The  recommendations  concerning  the 
minimum  Uend  radii  which  should  be  allowed  for 
sheet  metal  vary  considerably  depending  on  the 
^thickness  of  the  metal.  For  this  reason,  the 
equipment  in  a  drafting  room  usually  includes 
standards  which  serve  as  practical  guides  for  laying 
owt  developments.  These  standards  list  the  bend 
radii  recommended  for  metals  of  various 
thicknesses.  They  also  carry  illustrations  of  the 
types  of  seams  used  in  fabricating  sheet  metal  parts. 
To  keep  our  explanations  as  simple  as  possible,  we 
^11  present  our  developments  without-  the 
allowances  for  bending  and  seams. 

Parallel-line  Developments.  Since  prisms  and 
cylmders  are  forms  having  parallel  elements  6n  the 
lateral  surfaces,  the  parallel-line  method  is 
ftaturally  suited  to  their  development.  To  develop 
the  surface  of  a  prism  or  cyli^^der,  you  must  know 
the  following  three  factors:  v 
f<l)  The  true  shape  of  a  right  section 
(perpendicular  to  the  axis)  and  the  positions  of  the 
lateral  edges  in  relation  to  the  right  section. 


(2)  The  tcue  length  of  the  lateral  edges  or 
elements. 

(3)  The  perimeter  or  circumference  of  the  base 
and  the  distance  on  this  perimeter  between  each  pair 
of  edges  or  elements. 

If  you  can/ot  determine  the  above-mentioned 
factors  froiy  the  given  views  of  the  prism  or 
cylinder,  yoji  must  draw  auxiliary  views  or  use  some 
other  me^s  to  obtain  the  required  true  sizes  and 
lengths  befye  you  can  develop  the  forms. 

Right  prism.  The  development  of  the  lateral 
surface  of  the  truncated  prism  shown  in  figure  2-23 
can  be  drawn  without  first  making  auxiliary  views. 
The  true  lengths  of  all  lateral  edges  are  shown  in  the 
front  view,  and  the  plane  of  the  base  is 
perpendicular  to  these  edges.  Therefore,  the  top 
view  is  a  right  section  showingjthe^jerimeter  of  the 
base  and  \ht  true  distance  between  edges.  Sincejhe 
base  is  perpendicular  to  the  edges,  the  development 
can  be  drawn  along  a  straight  base  line  (serving  as  a 
stretchout  line)  with. parallel  lateral  edges  drawn 
perpendicular  to  the  base  Une.  The  steps  in  the 
development  are  as  follows:  •  . 

(1)  On  a  stretchout  linedrawn  to  the  right  of  the 
horizontal  base  line>  lay  offsixdiVisions>  each  equal 
in  length  to  the  width  of  one  side  as  met^sured  in  the 
top  view.  This  gives  the  perimeter  of  the  base  and 
the  true  distance  between,  the  vertical  edges. 

(2)  At  points  A,  B,  C,  D,  E,  and  F,  draw  vertical 
lines  eq^al  in  length  to  the  corresponding  edges  of 
the  prism.  Since  the  stretch-out  line  is -aligned  with 
the  base,  these  vertical  heights  can  be  projected 
from  the  front  view. 

(3)  Complete  the  development  of  the  lateral 
surfaces  by  drawing  a  straight  line  to  connect  each 
point  on  the  upper  surface  to  th^  P9int(s)  adjacent 
to  it.  That  is,  connect  3  to  2,  2  to'i;  1  to  6,  etc. 

(4)  Attach  the  bottom.to  the  base  line  between 
two  of  the  lateral  edges,  as  shown  in  the  full 
development. 

(5)  Draw  an  auxiliary  view  to  find  the  true  size 
and  4shape  of  the  inclined  surface.  Attach  a 
duplication  of  this  upper  surface  to  the  upper  edge 
of  one  of  the  lateral  faces  as  shown  in  the  full 
development.  ^ 

Oblique  prism.  Before  developing  the  lateral 
surface  of  the  oblique  prism  shown  in  figure  2-24, 
you  mu«  draw  ah  auxiliary  view  which  shows  the 
true  distance  between  the  lateral  edges.  To  draw  thii 
view,  pass  a  cutting  plane  through  the  front  view  so 
that  it  is  perpend  icular  to  the  axis  and  to  the  edges  of 
the  prisfn.  Notice  that  this  cutting  plane, 
represented  by  line  WX,  must  be  drawn  in  the  view 
where  the  axis  appears  true  length.  To  obtain  the 


pnc  of  the  two  views.  Using  a  vertical  axis  through 
point  B  in  the  top  view;  wc  revolve  point  A  until  line 
AB  is  parallel  to  the  front  view.  The  line  will  now 
appear  in  its  true  length  in  the  front  view.  Note  that 
revolving  the*  line  docs  not  alter  the  elevation  of 
point  A.  As  you  can  see,  point  C,  the  new  position,  is 
still  on  a  horizontal  line  through  point  A.  Line  CB 
not  only  indicates  the  true  length  but  also  shows  the 
true  slope  of  the  line,  As  shown  in  the  lower  portion 
of  figure  2-2 1 ,  the  true  length  of  line  AB  can  also  be 
found  by  revolving  it  about  a  horizontal  axis.  The 
same  procedure  and  principles  are  involved: 
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TOP  view^ 
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Figure  2-22.  Consmicting  a  true  length  diagram. 


True-length    diagrams.   It   is  sometimes 
impractical  to  use  the  revolution  method  to  find  the 
.true  length  of  the  lateral  edges  of  tbe^objcct  shown, 
used  in  such  cases.  Figure  ^-22  illustrates  this 
method  of  finding  true  lengths  of  lines.  To  find  the 
true  lengths  of  the  lateral  edge  sof  the  object  shown, 
draw  a  series  of  ri^ht  triangles  by  usinga  horizontal.  * 
and  a  vertical  reference  line  for  the  bases  and  heights, 
of  the  trkngles.  First,  mark  off  distances  on  the  hase^ 
line  thatVe  equal  to  the  lengtKs  of  the  Imcs  sTiown 
in  the  top  view.  Then  taking  the  measurement  from 
the  frontAie  w.  mark  off  on  the  vertical  reference  line 
the  height  of  each  edge.  If  you  establish  the  base  line 
.  19  line  with  the  base  of  the  front  view,  you  can 
'  project  the  heighu'to  the  diagram  as  shown  in  the 
illustration.  /The  hypotertiiscs  of  these  triangles 
represent  the'truc  length  of  the  lateral  edges.  .When 
using  this  method,  you  should  identify  th6  ends  of 
each  -lifie  wixh  numbers  or  letters  to  reduce  the 
>  possibility  of  using  thc^wrong  line. 


Exercises  (415): 

1.  What  four  types  of  surfaces  are  theoretically 
'  created  by  moving  lines? 


2.  What,  are  the  four  most  common  shapes  of 
developable  /orms? 


Figure  2-21.  Finding  the  true  length  of  a  line  by  revolution. 
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needed  view,  assume  that' the  line  of  Sight  for  the 
.auxiliary  view  is  parallel  to  the.axis  and,  therefore, 
IS  perpendicular  to,  the  plane  of  the  nght  section. 
This  auxiliary  view,  on,  which  the  axis  appears  as  a 
point.  >hows  the  uue  distances  between  the  lateral 
edge^.  in  this  mstanee  the  right  section  is  a  regujar 
"hexagon.  As  you  know',  this  nght  section  may  alisa 
be  cabled  a  cross  section,  Th^  top  and  front  vitfws  do 
not  shdw  the  actual  cross-sectional  shape,  but  the 
top  vie^w  does  show  the  true  shape  of  the  horizontal 
hasp  of  the  prism.  ^ 
Since  the  ngl(j||ction,  1-2-3-4,  is  perpendicular 
to  the  edges,  it  will  unroll  in  a  straight  line/ 
Therefore,  draw  a  straight  line  and  use  it  as  a 
stretchout  hne.  Along  this  stretchout  line,  mark  off 
SIX  equal  divisions,  using  .the  distance  in  the 
auxiliary  view  as  the  unit  of  measurement.  You  use 
equal  divisions  because  all  sides  of  the  prisms  are  of 
equal  width.  Through  thfse  numbered  points,  draw 
perpendiculars  to  the 'stretchout  line.  (During 
construction,  the  material  will  be  folded  along  these 
perpendicular  "fold  lines**  to  form  the  edges  of  the 
pribm.)  Transfer  the  true* length  of  each  lateral  edge 
from  the  front  view  Co  the  appropriate  edge  of , the 


development.  Cse  dividers  to  obtain  these  lingths, 
measuring  from  line  WX  first  to  the  upper  surface  of 
the  prism  and  ihcii  to  the  lower  surfaced  Draw 
.straight  lines  between  the  successive  points  ip  the 
lower  surface  (points  A,  B,  C,  etc.)  and  then  connect 
the  points  in  the'upper  surface  in  the  same  manner. 
If  the  upper  surface  is  part  of  the  development,  find 
Its  true  size  b^dr^awing  a  right  side  view  haying  the 
sight  line  indicated  by  the  arrow  Z.* 

Right  cylinder.  When  ;he  bases  of  a  cylinder  arc 
parallel  to  each  other  and  are  perpendicular  to  the 
'axis,  the  development  is  a  rectangle.  The  width  W 
the  rectangle  is  equal  to  the  heighf  of  the  cylinder, 
and  the  length  is  equal  to  the  circumference  of  the 
cylinder.  The  development  of  a  truncated  cylinder, 
such  as  that  showq  in  figure  2-25,  is  made  in  a 
manner  similar  to  that  used  for  developinga  prism. 

When  developing  a  cJylin^,  consider  the 
cylinder  to  be  a  many-sided  prism  so  that  its  surface 
can  be  divided  into  segments.  ^The  first  step  in 
making  this  de}^el6pment  is  to  select  at  least.  12 
equally  spaced  points  on  the  base  cjrcle  and  then 
,  draw  an  element  from  each  of  these  division  points. 
You  can  approximate  the  lengt|;i  of  the  development 
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by  laying  oyt  the  chord  distances  1  -2, 2-3, 3-4,  etc., 
along  the  stretchout  line.  For  a  more  accurate 
development,  use  the  formula  C  =  trd  to  find  the 
length  of  the  stretchout  line,  where  C  is  equal  to  the 
circumference  of  the  circle  and  is  therefore  equal  to 
the  length  of  the  stretchout  line,  d  is  equal  to  the 
diameter  of  the  base  circle,  a^d  ir  is  equal  to  3. 1416. 
To  make  an  accurate  development,  mark  off  the 
•circumference  distance  on  a  stretchout  line  and  then 
divide  the 'linc^^into  12  equal  parts.  From  each  of 
these  points,  draw  an  element  perpendicular  to  the 
stretchout  line.  Next,  transfer  the  trye  length  of  each 
V  element  (l~r,  2-2',  3-3',  etc.)  from  the  front  view  to 
\th«4£Vclopment  and  draw  a  smooth  curve  through  . 
the  end  points  of  the  elements,  as  shown  in  the 
illustration.  Compare  this  development  of  the  right 
cylinder  with  the  development  of  the  right  prism  in 
which  the  end  points  of  the  elements  are  connected 


by  straight  lines.  When  the  inclined  surface  is 
needed  for  a  full  development  of  the  cylinder, 
project  from  the  front  view  an  auxiliary  view  using 

lines  of  sight  perpendicular  to  the  edge  view  of  the 

surface. 

Oblique  cylinder.  The  procedure  for  making  a 
develdtjoment  of  a  n  oblique  cylinder  is  similar  to  that 
used  to  develop  an  pblique  prism.  First»  find  the  true 
length  of  all  elements;  second,  find  the  true  size  of  a 
right  section  by  the  method  explained  in  the 
discussion  of  the  oblique  prism.  Roll  the  right 
section  but  as  a  straight  line  equal  to  thejength  of 
the  circumference,  and  draw  an  auxiliary  view  from 
which  you  can  find  the  true  distances  between 
elements.  Draw  13  equally  spaced  elements 
perpendicular  to  the  stretchout  line.  Transfer  the 
true  length  of  each  clement  from  the  front  view  and 
draw  a  smooth  curve  through  the  end  points. 
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Ed9«  vitw  of  piQnt 
of  nght  stction 


Figure  2-24.  Developing  an  oblique  prism. 
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•  Fiiure  2-25.  Developing  *  trunctte<f  right  cylinder. 


Exercises  (416):' 

\.  From  ihc  top  and  from  view  of  a  prism  shown  in 
figure  2-26.  consirusi  the  full  development  by 
usmg  the  appropriate  method. 


2.  Construct *a  half  development  of  the  lateral 
surfaces  of  the  right  cylmdcr  whose  top  and  front 
views  arc  shown  m  figure  2^27.  Use  the  divisions 
of  the  surface  given  for  the  elements  of  the 

•  cylmdcr. 
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Figure  2-26,  Developing  t  prum. 


Figure  2-27  Dcvciopmg  a  truncated  cylinder. 


417.  Describe  the  basic  formation  of,  and  the 
appropriateness  of  the  radiaUline  niethod  for, 
certaiiv  forms;  and  given  top  aiid  front  views  of  a 
selected  form,  draw  the  full'  development  of  the 
surface. 

Radiai-Lfne   Developments.   The  radial-line^ 
method  is  appropriate  for  developing  pyramids  and 
cones  because  the  elements  of  these  forms'intersect 
at  a  common  4)oint. 

Before  wfc  discuss  the  development  of  these 
forms,  let*s  review*  some  of  the  important 
c|Mu;acteristici  pyramids  and  cones.  The 
(^descriptive  classification  of  a  pyramid  is  determined 
\v  the  shape  of  it's  base  and  by  the  position  of  its  axis 
in\clation  to  the  base.  When  the  axis  of  a  pyramid  is  * 
"^pcndicular  to  the  base  plane,  the  pyramid  is 
called  a  right  pyramid.  When  the  axis  is  inclinpd  to 
the  base,  the  pyramid  is  called  an  oblique  pyramid. 
A.  truncqted  pyramid  is  formed  by  cutting  off  the 
upper  portion  of  a  pyramid.  When  the  cutting  plane 
is  parallel  to  the  ba^e  plane,  the  portion  of  the 
pyramid  remaining  between  the  base  plane  and  the 
cutUng  plane  is  called  a  frustum. 


Coneb  arp  clabbitied  by  the  positions  of  their  axes 
and  iheihapebof  their  right  w^uonb.  A  nght  section 
lb  the  cut  surface  resultmii  trom  cutting  the  cone 
with  a  plane  perpendicular  to  the  axis.  The  altitude 
of  a  cone  ib  the  height  ot  a  perpendicular  from  the* 
\eriex  to  the;  babe  plane.  If  the  axib  and  altitude  of  a 
cone  coincide,  the  form  ib  called  a  n^ht  cone. 

Since  the  lateral  faceb  of  a  pyramid  are  triangles, 
the  development  of  a  pyramid  consibtb  of  di-awmg 
theNe  triangular  areab  in  true  size  and  in  proper* 
relation  to  each'other.  To  make  an  appropriate 
dev^opment  of  a  cone,  you  divide  the  surface  into 
begmcntb  uhich  are  triangular  in  shape  and  then  lay 
out  ihcbe  triangles*  in  the  proper  sequence. 

Ri^h!  pvraiml.  To  develop  the  surface  of  a 
truncated  pyramid  bhouji  in  figure  2-28,  find  the 
true  length  of  each  edge  bounding  th^  surfaces.  We 
can  obtain  bpme  of  thes>e  directly  I'rom  the  top  view. 
The'  four  edgeb  of  the  babt  plane  appear  m  true 
length  in  the  top  view  becaube  the  base  of  the 
pyramid  ib.  horizontal  Since  thib  pyramid  is 
^bVmmetncal  about  iib  axib^through  the  vertex  O,  we 
know  that  the  extended  edgeb  OA,  OB.  OC,  and  OD 
are  equal.  Likewibe,  we  know  that  the  length  of  edge 
CC' equals  the  length  of  edge  DD'and  length  AA' 
equaib  BB' because  the  plane  m  which  these  lines  lie 
shows  as  a  line  inlhe  front  view. 

Wc  obtain  the  true  lengths  of  the  lateral  edges  by 
revolving  the  hnes  representing  these  edges  in  the 
lop  view,  projecting  their  end  points  to  the  front 
view,  and  drawing  the  line  OAr.  We  obtain  the  true 
lengths  by  measuring  along  this  line. 

The  next  step  is  to  draw  an  auxiliary  view 
showing  the  sloping  surface  in  true  size.  Draw  this 
by  assuming  that  the  line  of  sight  is  perpendicular  to 
the  inclined  surface.  First.. establish  the  center  line 
of  the  auxiliary  view  parallel  to  line  A'D*in  the  front 
view.  Next"!  establish  the  height  of  the  auxiliary^view 
by  projecting  lines  fcom  points  A' and  D'.  Find  the 
four  corners  of  the  surface  by  establishing  the 
distances  between  the  center  line  and  points  \\  B'. 
C\  and  D',  These  distances  are  obtained  from  the 
top  view.  We  are  now  ready  .to  draw  the 
development. 

The  steps  in  drawing  the  development  are  as 
follows: 

(1)  Locate  point  Oon  the  drawing  paper  so  that 
there  is  adequate  space'  for  the  layout  of  the 
development.  ^     .  ^ 

(2)  Use  the  true  length  of  line  OA  as  a  radiusand 
draw  an  arc  of  indefinite  length.  This  arc  is  the 
stretchout  line. 

(3)  Set  the  divider  for  a  span  equahng  the  length 
of  side  BC  in  the  top  view  and  use  the  divider  with 
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Figure  2-28  Developing  a  truncated  right  pyrarpid 


this  selling  locale  poinis  B  and  C -on  ihc 
strclchoul  line.  In  ihc  same  manner,  locale  ihe 
remaining  points  in  the  order:  D,  A,  and  B. 
•  (4)  S|farting4i  point  B, draw lijr\csfi;om  Bio C,C 
*lo  D.  p  to  A.  and  A  to  B.  These  lines  form  the  base 
edges  of  the  lateral  surfaces. 

(5)  Connect  the  end  points  of  each  base  line  to 
point  O  to  ^orm  the  "bend  Imes"  along  which  the 
devclopmiint  will  be  folded  to  form  the  edges  and 
surfaces  of  the  pyramid. 

(6)  Locate  points  A',  B'.  C,  and  D'  on  their 
respective  edges.  Locate  point  A'  and  B'  by  setting 
the  dividers  for^he  true-length  distance  of  line  OA 
anb  by  transferring  this  distance  on  the  respective 
Imcs  of  the  development.  Locate  points  C'and  D'in 
the  same  manner,  using  the  distance  OD' from  true- 


length  line.  Then  draw  jincs  between  adjacent 
,  points.  ' 

(7)  Connect  the  base  of  the  pyramid  to  a  base  Kne  ' 
of  one  of  the  lateral  surfaces. 

(8)  Transfer  the  irregular  top  surface  to  the 
development  by  triangulati9n. 

Notice  that  the  development  starts  with  one  of  the 
shorter  edges  and  that  the  two  end  surfaces  are 
attached  along  one  of  their  longer  edges.  Splitting 
the  part  on  a  short  edge,  and  connecting  the  bases  ^ 
along  a  long  edge,  reduces  the  amoUnt  of  work 
required  later  to  rivet  or  weld  the  scams-. 

Oblique  pyram  id.  The  first  step  in^developiiigthe 
surface  of  the  oblique  pyramid  shown  infilfure  2-29, 
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Figure  2-29  Developing  an  oblique  pyramid. 


IS  to  find  the  true  length  of  all  lateral  edges.  Edges 
OA  and  ODare  frontal  lines  and,  therefore,  appear 
in'true  length  in  the  front  view.  Since  the  pyramid  is 
symmetrical  about  a  frontal  plane  through  the 
vertex,  edges  OB  and  OF  ar^ equal  and  edges  OC 
and  OE  are  equaK  To  find  tHcorue  length  qf  these 
four  edges,  we  revolve  Ime  OB  and  OC  into  frontal 
positions  to<)btain  true-length  lines  OBr  and  OCr 
in  -the  front  view.  The  remaining  true  Itfngth/ 
required  for  the  development  can  be  obtained 
directly  from  the  top  view  which  shows  the 
horizontal  base  in  true  size.  > 

Notice*  that  the  half  development  of  this 
symgietrical  surface  is^made  by  dividing  the  full 
development  along  edge  OA!  Draw  edge  OA  and. 
,  With  the  div  ider  set  for  the  distance  0A»  locate  point 
A,  Locate  point  B  arawing  two  arcs:  one  with  the 
distance  AB  as  the  radius  and* the  other  with  the 
tru^ength  distance  OB  as  the  radius.  The  triangle 
formed  by  drawing  straight-line  connectors  from 
point  B  to  points  0  and  A  is  the  true  size  and  shape 
of  oni^ace  of  the  pyramid  Add  surfaces  OBC  and 


OCD  by  using  the  same  procedure.  The  base  plane 
is  attached  as  shown  on  the  small  full-development 
drawing. 

t  Circular  cone  To  develop  the  truncated  right 
circufer  cone  shown  infigure.2-30.  use  the  following 
informauon  which  you  can  pbi^in  from  the  top  and 
front  views.  The  top  view  is  a  normal  view  of  the 
base  and  shows  a  right  section  since  the  base  plane  is 
perpendicular  to  the  axis  of  the  cone.  All^ements 
of  the  whole  cone  are  tfle  same  length.  T|jc  extreme 
right  and  left  elements(A-!  and  G-7)arppearm  true 
length  in  the  front  view.  (If  the  upper  surface  is 
required  as  |xart  of  the  development*  you  must  make 
an  auxiliary  view  to  show  -the  true  size  and  shape  of 
the  inclined  surface.) 

^  Make- the  mam  development  by  dividing  the 
Lunical  surface  •inio  a  series  of  narrow  triangles 
which  when  laid  out  (n  true  size  and  assembled  in 
proper  sequence  form  an  approximate  surface  of 
the  cone.  In  the  development  shown*  the  base  circle 
has  been  djvided  into  12equarpartsand  12  elements^ 
have  beerldratvn  on  rhctopand  fronV views.  A  nitre 
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accyraic  development  may  be  obtained  if  you  use  a 
greater  numb^er  of  divisions.  The  steps  in  the 
development  are  as  follows: 

(1)  Eitifblibh  pomt  0  a-nd  use  it*  as  a  center,  and 
the  blant  height  OA  us  the  radius,  to  draw  a  circular 
buNC  line  of  indefinite  length. 

(2)  Using  a  divider  set  for  the  distance  between 
efcmcntb  as  measured  on  the  base  circle  of  the,  top 
view,  establish  the  positions  of  the  elements  along 
the  base  line.  Then  draw  lines  from  these  points  to 
point  0. 

,(3)  Find  the  distances  from  the  vertex  0  to  the 
upperj»uxface  along  each  element.  For  example,  to 
locate  p'6mt  I  on  element  set  the  divider  for  the 
distance  0-1  in  the  front  view  and  transfer  this 
diJ>tance  to  the  two  lines  OA  in  the  development. 
You  can  locate  points  2  through  12  in*  the  same 
manner  except  that  elements  B-2  through  F-6and 
H  8  through  L- 1 2  do  not  show  in  true  length  in  the 


orthographic  views.  Therefore,  in  thefront  view  you 
must  draw  horizontal  projection  lines  from  the 
upper  ends  of  these  elements  'to  line  OA  and  use  line 
OA  as  a  true-length  diagram. 

(4)  Sketch  a  smooth  curve 'through  the  points 
you  have  just  established  and  then  use  an  irregular 
curve  as  a  guide  in  drawing  the  fiprshe'd  curve. 

You  may  have  noticed  already  that  this 
development  is  smaller  than  the  original  cone, 
because  the  straight-line  disUncc  between  points  A 
and  B  on  Ihe  top  view  is  less  than  the  length  of  the 
arc  AB.  To  make  the  distance  around  the  baseline 
•of  the  development  the  same  as  the  circumference  of 
the  circle,  you  may  use  one  of  two  methods. 

The.first  method  is  to  rectify  the  arc  distance  on  a 
tangent  line  and  t6  use  this  distance  to  step  off  the 
base  line  of  the  development.  We  discussed  the 
rectification  of  an  arc  in  Volume  1. 
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Figure  2.^30^De\ eloping  a  truncated  cone 
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.  2'       3'      4'  ^  6' 
^  Figure  2-31.  Ucvcloping  an  obhquc  cone.  *  j 


If  greater  accuracy  is  required  than  can  be 
obtained  by  the  rectification  method,  you  can  use 
the  formula  shown  in  figure  2-30  to  compute  the 
angle  formed  by  the  intepection  of  the  jimiting  or 
outer  elements  of  the  development.  In  this  formula, 
R  is  the  radius  of  the  base  circle,  S  is  the  slant  height 
of  the  cone,  the  angle  B  (theta)  is  the  ^^e  of  the 
required  arc. 'The  formula  is  derived  from  the 
formula  for  finding  the  area  of  the  sector  of  aci^cle^ 
The  ratio  of  the  radius  to  theslant  height  determines 
the  number  of  degrees  in  the  sector  angle.  For 
Example,  an  extremely  flat  cone  having  a  radius  of  1 
and  a  slant  height  of  1  would  develop  as  a  complete 
360^  circle.  ^  When  the  ratie  is  1  to  2,  the 
<  development  is  a  semicircle  and  has  180^  at  angled. , 

When  you  use  the  angle  method  to  lay  out  a  base 
line  in  the  develqpment  of  a  cone,  you  locate  the 
elements  by, dividing  the  base  line  into  the  same 
number  qf  equal  parts  as  used  in  the  top  view.  Use  a 
protractor  or  a  divider  ;and  the  trial  and  error 
method  to  obtain  the  equal  divisions. 

Oblique  cqne.  Develop  an  oblique  cone  as  if  it 
were  a  many-sided  pyramid.  Use  a  large  enough 
Vs^iiimbcr  of  sides  to  get  ^  close  approximation  qf  the  ^ 
cbnFT^se  a  construction  similar  to  that  for 
developing  an  oblique  pyramid. 

Let*s  follow  the  construction  procedure  used  to' 


draw  the  half  development  of  the  oblique  cone 
shown  in  figure  2-31.  First,  locate  equally  spaced 
elements  on  the  base  circle  and  draw  the  elements  on 
both  top  and  front  viow.  Since  only  elements  A-j 
and  A-7  arc  parallel  with  the  frontal  plane,  only 
these  elements  appear  true  length  in  the  front  view. 
Obtain  the  true  length  of  the  other  elements  by 
revolving  them  about  a  vertical  axis  and  by  making 
a  true-length  diagram.  The  development  is  then  a 
Wtter  oT  construction  by  triangulation.  Draw  tl\e 
line  representing  element  A-?  and  on  this  line  locate 
points  A  and  7  by  using  adivider  set  for  the  distance 
X.  Then  to  locate  element  A-6,  draw  an  arc  b.y  using 
point  7  as  the  center  and  the  distance'Z  as  the  radius; 
draw  another  arc  to  intersect  the  first  by  using  point 
A  as  the  center  and  the  distance  Y  as  radiu^;  and 
draw  a  line  from  the  point  of  intersection  (point  6) 
to  point  A.  Locate  and  draw  elements  A-5,  A-4, 
A-3,  A-2,  and  A-1  in  that  order  by  using  the  same 
procedure.  Then  sketch  a  smooth  curve  through  the 
end  pojnts  and  finish  the  curve  with  the  aid  of  an 
irregular  curve. 

Note  that  the  half  development  is  .made  by 
dividing  the  cone  along  the  axis  of  symmetry.  You 
have  probably  already  noticed  the  important  fact 
that  half  developments  can  be  made  only  when  the 
full  development  is  a  symmetrical  figuce. 
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Figure  2-32.  Developing  a  simple  pyramid. 
Exercls«s  (417): 

# 

1.  ^Why  IS  the  radiaHinc  method  appropriate  for 
developing  pyramids  and  i)oncs?  ^ 

1- 

2.  How  is  a  truncated  pyramid  formed? 


3.  Draw  the  full  development  of  the  surface  of  the 
pyramid  whose  top  and  front  views  are  shown  in 
figure  2-32.  Lay  out  the  development  so  thatddge 
OA  is  vertjcal  on  the  page  and  so  that  it  also 
a^p^ars  as  the  seam  line. 


418.. Give  the* definition  tnd  uses  of  trianguiation 
development.  . 

•  J 

Triangulation.  Nondevelopable  surfaces  are 
developed  approximately  by  assigning  that  they  are 
madef  of  narrow  sections  of  developable  surfaces. 
^  The  most  common  and  ,  best  .  method  for 
approximate  development  is  that  of  triangulation. 
This  means  that  the  surface  is  assumed  to  be  made 
up  of  a  large  number  of  triangular  strips  or  plane 
triangles  with  very  short  bases.  This  method  is  used 
for  all  warped  surfaces  and  also  for  oblique  cones. 


The  triangulation  method  is  extremely  simple.  It  . 
consists  merely  of  dividing  the  surface  into 
triangles*  finding  the  true  lengths  of  the  sides  of  each 
triangle,  and  constructing  them  one  at  a  time  so  they 
join  along  their  .common  sides. -Sounds  familiar, 
doesn't  it?  It  should.  This  is  very  similar  to  the 
method  used  to  develop  the  oblique  cone  m  figure  2- 
28.  -  ^  ' 

Warped  surface  development.  A  transition  piece 
IS  a  typical  warped  surface  that  can  be  developed  by 
^eans  of  triangulation.  A  <ransition  piece  is  a 
connecting  piece  used  to  join  ducts  of  different 
shapes.  It  usually  consists  of  plane  surfaces  and 
sections  of  oblique  cones.  Lett's  see  how  two 
transitions. pieces  are  developed: 

a  Transition  ^piece  from  sloping  square  to 
[lorizontal  circle.  The  transition  piece  shown  in 
figure  2-33 ,  is  designed  to  connect  a  vertio^ 
cylindrical  conductor  to  an  inclined  rectangular 
duct.  Use  the  following  steps  to  make  this 
development:' 

(1)  Draw  the  horizontal"  circle  and  the 
rectangular  opening  in  the  top  and  front  views  ^ 
according  to  the  size  and  position  specifications. 
These  specifications  will  indicate  the  size  of  the 
circular  opening^sand  its  position  in  relation  to  the 
lower  opeti^g.  The  angle  of .  in'clin^tion  will  be 
specified  ^r  the  rectangular  lower  opening. 

(2)  Divide  the  circle  into  equal  parts  about  the 
axis  of  symmetry  XY.  The  transition  piece  contains 
conical  sections  having  vertices  at  points  A,  B,  C, 
and  D.  Draw  these  conical  parts  of  the  transition 
piece  so  that  each  has  ais  its  base  boundary  line  one 
quarter  of  the  circumference  of  the  circle  as  it 
appears  in  the  top  vie^.  Then  divide  these  conical 
sections  into  three  qual  parts  and  add  th^  two  ^ 
additional  elements  to  each  section. 

(4)  Wsing  the  true  lengths  from  the  true-length 
diagram  and  the  other  required  true  lefigths  from  ^ 
the  top  and  front  views,  construct  each  triangular 
area  of  the  development  in  proper  sequence.  Since 
the  object*  is  symmetrical  about  axis  XY,  a  half 
development  is  sufficient.  Make  the  seam  line  on  the 
finished  transition  piece  along  line  Y-1  at  the  center 
^  of  the  shortest  flat  side. 

b.  Transition  piece  from  horizontal  circle  to 
slopmg  circle.  Figure  2-34  shows  the  development 
of  a  warped  reducing  section.  Areducingsectionisa 
sheet  metal  part  used  to  join  ducts  whichare  shaped 
alike  but  are  of  different  sizes.  Here  is  how  we 
.  develop  sjjch  transition  pieces:  ^  / 
\J>^Stari  the  development  by  dividing  the  upper 
and  lower  opcQings  into  the  same  number  of 
divisions.  Divide  the  lower  openings  in  the  top  view 
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;;vhere  it  appears  in  true  size  and  shape.  Draw  an 
aWciJiary  viexy  of  the  upper  surface  and  make  the 
diyisionV  for^this  surface  m  this  viev^.  Use  any 
number  of  equal  divisions.  Twelve  divisions  were* 
uscU  in  the  example  bjecause  this  number  i^  very 
convenient.  You  can  use  the  ends  o^  the  two 
perpendicular  diameters  as  centers  and  the  racftus  of 
the.  circle  to  scribe  arcs  that  divide  the  "circles  into 
twelve  equal  divisidns. 

(2)  To  avoid  confusing  the  points  on  one  circle 
with  those  on  tha  other,  mark  all  points  in  the  upper 
circle  with  even  numbers  and  all  points  in  the  base  ' 
circle  with  odd  numbers. 

(3)  Divide  the  surface  into  trairigular  areas  by 
drawing  lines  to  connect  points  in  the  following 
sequence:  l-2,/2-3»  3-4,  4-5,  etc.  In  the  example^ 
every  other  line  is  broken^  and  the  solid  lines  and 
broken  lines  are  separated  in  the  true-^length 


diagrams  to  lessen  the  likelihood  of  your  confusing 
the  lines,  ,  '        \  • 

(4)  Draw  two  such  diagrams  to  enable  you  to 
select  the  correct  true-length  of  each  line  as  you  lay 
outahe  development,  Obtain  the  true  length  lines 
t'egresenting  the  distance  between  elements  on  the 
two  circles  in  the  top  and  auxiliary  views. 

(5)  Use  the  true  lengths  ►a^  radii  to  construct  the 
development    by    tri  angulation.    Start  the 
"development  by  drawing  a  line  for  element  1-2. 

Then  using  a  divider  or  a  compass,  set  for  the  true 
length  of  thisjelement,  locator  points  1  and  2  on  this 
line.'  Next,  draw  two  arcs.  Make  one  arc  by  using 
point  1  as  the  center  and  the  distance  R  as  the 
radius.  Dj:aw  the  other  arc  by  using  point  2  as  the 
center  and  the  true  length  of  element  2-3  as  the 
radius.  Yhe  intersection  of  these  two  arcs  locates 
point  3  and  establishes  the  apexes  of  the  first 
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Figure  2-33.  Developing  a  transition  piece. 
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Half  development 
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True  length  diogroms 


Figure  2-34.  Developing  a  warped  surface. 


triangulac. section  of  the  development.  Locate  the 
next  triangular  section  by  using  the  same  procedure. 
For  th*is  section,  draw  an  arc  by  using  point  2  as  a 
center  and  the  distance  r  (the. distance  between 
elements  on  \)\t  upper  circle)  as  the  radius.  Then 
locate  point  4  by  intersecting  this* arc  with  another 
arc  by  using  Ipoint  3  as  the  center  and  the  true  length 
of  dement  3-4*aS;the  radius.  Continue  this  process 
'  until  you  Have  located  all  points.  Then  draw  straight 
lines  representing  the  elements.  Finish  the 
development  by  drawing  curved  lines  through  the 
established  ends  of  these  lines. 

Double-curved  surface  development  (sphere). 
The  surface  of  a  sphere  is  i  double-curved  surface 
generated  by  a  curved  line  and  contains  no  straight- 
hnc  elements.  Therefore,  the  development  of  sphere 
IS  only  an  approximation.  The  steps  for  developing 
a  sphere  are  as  follows  and  as  illustrated  in  figure  2- 
35:  ' 


(1)  Draw  the  top  and  front  views. 

\2)  Consider  that  the  sphere  in  the  front  view  is 
cut  by  a  series  of  planes  passing  perpen^atcttl^dy  to 
the  axis.  There  projection  in  the  top  view  shows 
them  as  circles.  Also  consider  that  the  sphere  is 
by  vertical  planes  which  appear  as  radiating  lines  in 
the  top  view.  Although  we  describe  pnly  a  one- 
quarter  development  here,  the  remaining  quarters 
are  developed  in  the  same  way.  The  development  of 
one  longitudinal  section  provides  the  pattern  for  the 
remaining  sections. 

.  (3)  Draw  a  horizontal  stretchout  line 
representing  the  horizontal  cutting  plane  D. 

(4)  Set  your  divider  for  a  span  equal  to  the 
distance  between  points  1  and  2  on  the  top  view. 
Then  use  it  to  step  offdistances  along  the  stretchout 
line,  locating  points  1  through  5. 

(5)  Draw  a  perpendicular  bisector  to  each 
segment  of  the  stretchout  line. 
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STRETCHOUT 
LINE 


QUARTER 
DEVELOPMENT 


^(6)  On  the  pcrpcndfcular  bisectors,  above  and 
below  the  stretchout  line,  mark  off  four  spaces  each 
equal  to  the  distance  between  points  C  and  D  in  the 
front  view.  Then  draw,  horizontal  lines  through  the' 
points  of  division.  These  horizontal  lines  represent 
the  horizontal  cutting  planes  A,  B,  and  C. 

(7)  Establish  the  width  of  each  section  at  each^of 
the  horizontal  cuttingplane  lines  by  transferring  the 
corresponding  distances  from  the  top  vieW. 

(8)  Draw  a  smooth  curve  through  the  points 
established  in  step  g.  Each  section  is  symmetrical 
about  the  line  PP  and  the  stretchout  line.  In  this 
example,  a  full  development  requires  16  sections. 

^  i  T 

Extfcbes  (418): 

I.  What  is  meant  by  triangulation  development? 


FRONT  VIEW 


higurc  2-35.  Developing  the  surface  of  a  sphere  by  the  gore        2.  This  method  is  used  for  all 
otcthod   

V  ■    ■ .       .  ■ 
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CHAPTER  3 


Stfucturai  Drafting 


]A  BRIEF  SURVEY  of  the  development  of 
structural  engineering  practice  indicates  that  the 
term  '•structural  engineering"  was  first  applied  to  a 

ybranch  of  civil  engineering  concerned  with  bridge 
buildipg.  These  structures  represented  a  high  degree 

-of  progress  in  the  application  of  the  science  of 
mechanics  and  of  a  jcnowledge  of  the  strength  of 
materials  to  the  design  of  framed  structures.  Later 
on,  the  term  **structural  engineering"  was  Used  in 
connection  with  the  dcvdopmcnt  of  large,  sleel- 
framed  ana  reinforced  concrete  structure,  and  it  is 
mainly  in  this  connection  that  the  term  is  used 
today.  It  is  correct  to  conclude,  then,  thaUtructural 
draftmg  is  the  preparation  of  working  drawings  for 
buildings  and  other  construction  whose  vital 
supporting  framework  is  composed  oflimber,'Steel, 
concrete,  or  other  material  and  that  the  technique  of 
structural  drafting,  while  very  similar  to 
architectural  drafting,  is  influenced  by  the  materials 
and  methods  of  construction. 

3-1.  Terminology 

Figure  3-1  is  a  line  diagram  of  a  building.  It  is 
true,  the  roof  truss  outlined  is  not  typical  of 
reinforced  concrete  structures.  However,  other 
parts  shown  are  frequently  encountered  structural 
members.  They  are  classified  according  to  purpose. 

419.  Deflne  selected  terroinoloty  used  in  timber 
constniction  drawings. 

Sdructurti  Terms.  A  "member"  is  a  unit  part  of  a 
larger  structure.  The  member  itself  may  be 
composed  of  seyeral  pieces  fastened  together,  but  it 
functions  as  a  unit.  Any  part  of  a  framewbrk,  such 
as  a  beam  or  a  column,  is  always  spoken  of  as  a 
member.  In  order  to  develop  an  understanding  of 
the  standard  practices  and  conventions  connected 
with  structural  draftings  study  the  discussion  of  the 
more  common  structural  terms  given  below  and  sec 
the  members  illustrated  in  figure  3-1. 

a.  Footings  support   columns,   piers,  and 


masonary  walls.  They  receive  the  weight  of  the 
structure  and  distribute  the  load'  into  the  ground. 
The  increased  bearing  area  prevents  the  buildiilg 
from  sinking  where  the  natural  surface  material  is 
too  weak  to  support  the  building  weight.  Footings 
are  usually  made  of  reinforced  concrete,  but  the 
fboting  for  a  very  light  building  may  be  a  simple  slab 
of  plain  concrete.  « 

b.  Piers  rest  on  footings  and  support  verticd 
columns  or  horizontal  girders.  In  bridge 
construction,  a  pier  is  an  intermediate  support  for 
the  adjacent  ends  of  two  bridge  sections. 

,c.  Columns  are  vertical  members  which  support 
loads  acting  downward;  that  is,  they  are  members  in,^ 
compression.  Columns  are  the  main  load-carrying 
vertical  members  in  steel,  timber*,  or  concrete 
framing.  ^ 

d.  A  girder  is  a  heavy  men;ber  spanning'between 
columns  and  serving  to  support  beams  and  joists. 
They  are  the  heaviest  or  strongest  members  of  a 
floor  system. 

4^  f .  A  beam  is  usually  lighter  than  a  girder,  its  ends 
'  being  supported  by  a  girder  or  column.  A  lintel  is  a 
beam  which  spans  a  door  or  window  opening  to 
carry  the  structure  directly  above  these  openings. 

/.  Joists  are  lighter  than  beams  and  are  spaced 
closer  than  beams.  The  ends  of  joists  are  supported 
upon  beams  or  girden. 

g.  A  truss  is  a  built-up  niemhpr  designed  to 
support  loads  over  long  spans.  The  principal  truss 
members  are  the  upper  and  lower  chords  (see  fig.  3- 
1);  the  members  between  the  two  chords  are  called 
web  members.  Many  basic  truss  designs  are  used  for 
wood  and  steel  constructio^,  the  five  most  common 
designs  being  the  Pratt,  Warren,  Fink,  scissors,  and 
bowstring.  A  typical  Pratt  truss  is  illustrated  in 
figure  ^-1.  Although  most  trusses  have  a  triangular 
outline,  a  few  truss  applications,  such  as  support  for 
a  Oat  or  curved  roof,  require  a  truss  whose  upper 
chord  is  horizontal  or  curved.  Regardless  of  the 
truss  outlines,  the  web  members,  ^re  always 
arranged  to  form  a  series  of  triangular  units  between 
the  two  chords.  The  triangular  arranj;ement  gives  ^ 
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Figure  3-1.  Stnicttllrml  tenns. 


truss  a  high  degree  of  rigidity.  On  long  spans,  trusses 
are  ysually  substituted  for  girders  because  their 
increased  depths  provide  greater  resistance  to 
deflection,  pound  for  pound,  than  the  bUilt-up 
girden  or  rolled  shapes  that  would  otherwise  be 
used. 

h,  A  bent  is  formed  by  a  truss  and  the  columns 
supportinglt.  Any  vertibil  framework,  consisting  of 


columns  and  beams,  to  support  c^tl^rjn^  is 
called  a  bent.  Ml 

/.  A  bay  is  the  space  betwden  adjacent  or 
consecutive  bents. 

/  A  purlin  is  a  |)eam  spanningjthc  space  between 
trusses,  girders,  or  rafters,  and  it  ^ipports  the  roof 
covering. 

k.  X  panel  is  that  protion  of  a  truss  between 
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adjacent  joints  in  the  upper  or  lower  chords.  The 
space  between  two  purlins  on  a  roof  is  also  called  a 
panel. 

The  ternis'  ''span^^.'^itch,-  and  **ri5C**  are  also 
indicated  iii  figure  3-1.  Other  tcmis  associated  with 
steel,  wood,  and  concrete  construction  will  be 
introduced  and  defined  as  we  discuss  the  drafting 
conventions  peculiar  to  these  materials. , 

Exercises  (419): 

What  is 'a  ^'member,"  as  related  to  a  strucutral 
drawing? 


2:  What  is  a  girder? 


3.  What.is  a  truss  designed  to  do? 


4.  How  is  a  pier  used? 


joints  stronger.  Withthcse connectors,  the  members 
of  built-up  frames  are  held  in  place  more  rigidly 
than  with  spikes  or  bolts  alone,  and  it  is  possible  to  . 
use  a  greater  percentage  of  the  tensile  and  shearing 
strength  of  the  wood.  Specially  shaped  cast  ii^n  or 
pressed  steel  blocks  are  used  at  joints  to  connect 
single  piece  members  together.  Steel  rods  are  used 
to  take  tensile  stresses  since  it  is  difficult  to  fasten 
wood  so'that  its  tensile  su^ength  can  be  used  to  the 
best  advantage.  Connecton,  used  to  join  the 
members  of  built-up  trusses,  are  set  in  precut 
grooves  or  forced  into  the  wood  by  pressure. 

Bolts  used  in  timber  construction  vary  in 
diameter  from  1/4  to^  \Va  inches.  They  are  usually 
squarehead  type  and  they  take  square  or  hexagonal  ^ 
nuts.  Round  w^^ers  or  square  metal  plates  are  used  ^ 
under  boltheads  and  nuts  to  increase  the  bearing 
area  on  the  wood. 

Figure  3-2  also  illustrates  the  use  of  steel  plates  to 
connect  and  reinforce  joints  in  framing.  Plates  are 
>  placed  on  both  sides.of  the  joint  and  bolted^in  place. 
Depending  upon  their  function,  these  plates  are 
given  various  names,  such  as  tie,  splice,  batten,  or 
gusset.  Wood  plates  may  be  used,  but  the  wood 
must  be  very  strong  where  the  joint  is  subjected  (o 
tension  or  compression  stresses.  Gusset  and  batten 
plates  are  used  more  extensiveiy  in  steel  framing. 


,5.  How  does  a  joist  differ  from  a  beam? 


istiuctlcn 


Timber  construe 
used  for  warehouses, 


lyy  wood  framing,  is 
and  other 


structures  where  heavy  loads  ana 
encountered. 

420.  State  the  particular  function  of  selected  ^etal 
fasteners  and  connections.  ^ — 

Fasteners  and  Connections.  Long,  unsupported 
areas  between  walls  are  spanned  by  roof  trusses 
rather  than  rafters.  Floor  systems,  cither  for  bridges 
^  buildings,  consist  of  thick  plank  flooring 
supported  by  heavy  beams  or  closely  spaced  joists. 
.  The  wood  members  for  these  structures  must  be 
carefully  seldctedjand  sized  to  support  their 
respective  loads.  Tiiey  are  then  connected  with 
spikes,  bolts,  screws,  or  special  timber  connectors. 
Spikes  are  used  for.thesmaller  sizes  of  lumber,  while 
square  or  hexagonal  h^d  bolts  are  used  in  larger 
timbers.  Metal  connections  (see  fig.  3-2)  arc  used  in 
tjonjunction  with  bolts  to  make  wood-to-wood 


Exercises  (420): 

I.  What  purpose  does  a  metal  connection  serve  in 
timber  construction?  > 


What  particular  type  of  stress  are  steel  rods  \ 
designed  to  take?  t, — 


f  words  or  phrases 
^ting  practices 


421.  Complete  srnt 
indicating  conditions 
for  framed  structures. 


Working  Drawings.  In  prepanng 
working  drawings  for  a  framed  structure,  the 
and  size  of  the  structure  determine  the  number  an 
type  of  drawings  required.  Whereione  sheet  may  be 
adequate  to  describe  a  simple  tower,  a  dozen  or 
more  sheets  may  be  needed  to  completely  describe  a 
building  or  bridge.  In  the  case  of  a  building,  factors 
such  as  overall  size,  external  appearance, 
arrangement  of  interior  space,  doors,  windows,  and 
fittings  are  described  in  general  and  detail  drawings. 


\ 
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CONNECTORS 


Use  or  Steel  Plates  in  Use  of  Splittings 

SuToLE  Member  Truss    ^  w  §im-^TBim 


Figure  3-2.  Timber  constniction  details. 


As  we  will  learn  in  the  study  of  architectural 
drafting,  general  views  consist  of  small-scale  plans 
and  elevations,  and  derails  consist  of  large-scale 
section  and  "detail  drawftigs.  Closely  related  to  the 
matter  of  architeclur^^dcsig?!  arc  th^  engineering 
calculations  concerned  with,  the  strength  of  the 
supporting  framework  of  the  structure.  These, 
details  must  be  careful ly*waf)«d  out  by  an#rdhitect 
of  construction  engineer..  From  jheir  engineering' 
^dtsgh  sketches,  you  will  prepare  struciural* plans 
*and  details  showing  the  method  of  construction. 
Separate  framing  plans  may  be  drawn  for  floors, 

*  walls,*and  roofs.  Tloor  framing  plans  specify  the 
,sizc  and.location  of  (coln^mns,  girders,  beanis,  and 
Joists.  Wall  framirfg  plans  are  elevation*  views  ' 
\  showing. ^he  framing  for  wwldows,  doors,  column^;  ' 

and  bracing. , Roof  framing  plans  arc  drawn  and 
used  in  the  same  manner  as  floor  framing  plans, 
with  rafters  shown  in^hf  same  manner  as  floor 
joists.  Trusses  are  detailed  iri  large-scale  views,  zs 
indicate  in  figure  .3-3.^  Framing  plans  may  ^c 
accompanied  by  a  cutting  list  giving  the  size,  length, 
an^  details  of  special  cuts  for  ^timbers.  This 
information  is  organized  in  a  schedule  or  table  on 
the  sheet  to  whiqh  i(  r^crs. 

Structural  Drafting  Practices*  The  best  way  to 
point  ou|  the  drafting  practices  and  cqnventions 
employed  in  structural  drafting  is  to  study  them  aS 
they  are  applied  to  a  typical  problem.  Figure  3-3  is 
the  detail  for  a  built-up  ro\)f  tru^^f  a  truss  or  other 
larg^  member  is  symlmetricaj^^Sout  its  centerline,4t 

♦  IS  customary  to  sho^v  only  l«e  left  half.  This  left  half 
view  is  taken  looking  in  tHjp  direction  which  shows 
the  most  detail  irt  qegard  ti 
important  features.  The 

exactly  on  tJiec^itterline,  but  isextended  far  enough 
to  show,  the  constnfction  through  the  center  a^^es.  A 
wavy,  short  breakline^dj-  a  long  breakline  Is  used  to 
terminate  broken-off  members.  Note  thal—Xhe 
breakiines  are  dra^^n  only  through  the  members  and 
not  across  the  space  bctwcen-members. 
"  "  The  placing  »of  views  On  structural  drawings  is 
siipilar  to  the  praCiticcs  followed  in  majliiBp^ 
drawing.  That,  is,  the  top  view  appears  above  the 
front  view,' and  an  end/View  is  placed  to  thfe  tight  of 
left  fi{  the  front  view.  This  iS  especially  ^rue  in^* 
detailing  single  small  members  where  the  views  can*^ 
be  coijveniently^aligncd  vertically  and  horizontally 
as  in  regular  multiyiew  projection.  As  shown  in 
figure  3-3,  inclined  parts  are  presented  in  auxiliary 
projections.  Thiu,  the  top  chord  of  the",trtiss  is 
shown  as  an  aiixiliary  view  instead  of  showing  a 
regular  top  view  of  the  {russ.  This  method.  is 
♦  convenient  since  jt-.shows  true  lengths  and  provides 
for  easier  placcnjenl  oC  dimen^ons  and  notes. 


i  connections  and  other 
yiew  is  never  stopped 


Another  practice  followed  in  sfructuftal  drafting 
is  the  use  oT  bottom  views.  However,  bottom  views 
of  structural  members  are  made,  as  horizontal 
sections  looking  downward.  The  theoretical  cutting 
jntine  IS  assumed  to  be  placed  so'as^  show  only 
essential  details  of  the  lowe  member.  In  figure  3-3 
therefore,  the  bqttm  view  is  in  reality  a  "top  view"  of, 
the  lower  Chord.  No  cutting  plane  line  ap?pears  in  the 
front  yiew,  and  th<f  bottom  view  is  not  classified  as  a 
section.  This  arrangement  places  the  frOnt  face  of 
the  lower  chojrd  below  the  bottom  view  centpf  line. 
"Similarly,  the  frotit  face  6f  the  upper  chord  is  below 
the  centertine  of  the  top  view.  Since  the  froht  and 
I'car  detail*  of  the  truss  members  are  shown  on  the 
same  side  of  corresponding  ccnterlines  in  the  top  * 
and  bottom  yews,  parts  are  shown  in  t)ieir  true* 
relatronship'  to  each  other.  The  terms  "ricar  face** 
(I^F)  and  "far  face"  (FF)  are  frequently  used  in 
notes  on  structural  drawings.  When  apfilied  to  any 
view,  the  term  "near  face**  indicates  the  surface 
nearest  the  ^bserver  for  that  particular  direction  of 
sight. -The  far 'face  is,  ofcdursc,  the  opposite  side. 
Some  draftsmen  prefer  the\crms  "near  side"  (NS) 
and  "far  side"  (FS).  You  may  use  either  set  of  terms 
as  long  as  you're  consistetlt.  ^  . 

.  I  n  figure  3-3,  all  members  of  the  truss  arc  detailed 
in  the  assembled  position  which  they  occupy  ii)  the 
structure.  Had  each  piece  been  detailed  separately, 
they  W0UI4  still  be  shown  in  the-same  position.  That 
is,  horizontal  members  are  deUt^cd  horizontally, 
.  vertical  members  > are  ^etailcdT  in' ah  Upright  or 
Vertical  position,  and  inclined  members  arc  usually 
shown  in  an  inclined  position.  Wh'en  vertical 
membcrs,'such  as  columns,  are  too  long  to  be  placed 
upright  on  the  sheet,  they  aVe  drawn  in  a  horizontal 
position  With. the  base  at  the  left  side  6f  the  sheet. 
Also,  in  some  drafting  rooms,  it  is  standard  practice 
to  detail  inclined  mentbers  horizontally.. 

Sections  are  frecjilently  shovhi  on  structural 
drawings.  These  views  arc  placed  in  convenient 
spaces  on  the  sheet,  and  each  view  is  identified  with 
letters.  For  example,  section  A-i^  is  indicated  on  the, 
truss  i>y  cutting  plaTie  line  A-A.  When  several 
•  sections, appear  on  the* same  sheet,  their  cutting 
planes  myst  be  located  at  the  particular  point  at 
which  the^view  is  taken.  Standard  architectural 
materiiilsymbok  are  used  as  indicated.  Filler  pieces, 
plates;  and  blocking  need  not  be  crosshatched  if 
clarity  Is  improved  by  omitting  the  sectio?i  symbols. 

r ;  Pxer</ises  (421): 

l..ln  preparing  a  «|t  of  working  drawings  for  a 
framed  structure,  the  ^  and  -of  the 
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Figure  3-3.  Truss  detail.- 
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structure  determine  the  number  and  type  of 
drawings  required. 


2.  Floor  framing  plans  specify  the  size  and^locatiori 
of  — : — .  ,  —  ,  and  


3.  If  a  truss  or  other  large  member  is  about 

its  — — ,  it  is  customary  to  show  only  the  left 
half. 


422.  State  aji  important  consideration  to  keep  in 
mind  conceriiinf  dimensioning  scale  and  skeleton 
dlacrams. 

Dimensioning.  The  technique  of  dimensioning 
wood  structures  is  the  same  as  for  architectural 
draftings.  Light,  solid  din)ension  lines  are  used,  and 
the  flares  are  placed  above  the  line  near  the  center 
3f  the  space  between  the  arrows.  Indications  for 

'  feet,  inches,  akjd  fractions  arc  the  same  as  in 
architectural  drafting.  Dimension  lines  ar6  place(^ih 
continuous  rows  from  end  to  end  of  the  objert,  with. 
the  outermost  dimension  giving  overall  size.  The 
dimension  line  nearest  the  objea  should  not  be 
closer  than  %  inch,  and  succee'ding  rows  should  be 
no  closer  together  than  Vu  inch.  Spread  the  lines 
farther  apart  when  space  is  available,  and  avoid 

*  dimensioning  upon  the  object.  A  note  of  dimension 
placed  in  the  clear  and  connected  to  the  object  by  a 
leader  is  an  effective  method  of  dealing  with 
crowded  conditions. 

Dimensions  must  always  be  Checked  for 
aiccuracy.  Be  sure  that  it  is  not  necessary  for  the 
workman  to  perform  mathematical  computations 
in  order  to  get  needed  information.  Because  of 
limited  space,  the  views  in  figure  3-3  arc  not  spaced 
far  enough  apart  to  permit  the  inclusion  of  all 
necessary  notes  and  dimensions.  In  blockmg  out 
views,  be  sure  to  leave  adequate  space  for 
dimensions. 

Scale.  The  architect's  scale  is  the  only  scale  used 
.  in  making  structural  drawings.  As  we  have  already 
i  pointed  out,  the  scale  most  generally  used  for 
general  drawirfgs  is  TO*.  However,  it  is  often 
necessary  to  use  a  smaller  scale  i/or  very  large 
structures.  Detail  drawings  of  large  members  are 
drawn  in  the  middle  range  of  scales,  whereas  small 
memben  and  special  construction  joints  may  be 
drawn  quarter  size  (3*-  r(r)orhalfsizc(6''=  I'CT). 

An  important  feature  in  structural  drafting  is  the 
frequent'  use  of  two  scales.  In  figure  3-3,  the 


ccnterlines  of  the  truss  members  ftre  laid  out  first  to 
a  scale  of  V:*-  r(r.Thc  truss  members  themselves 
are*drawn  to  V  =  ID"  scale— except  for  their 
length.  Thus,  the  timbers  are  to  scale  in  only  one 
direction  m  the  front,  top, .and  bottom  views.  The 
section  view  is  to  scale  in  both  directions!  Likewise, 
the  end  view  is  to  scale  in  all  directions  except  that 
the  full  vertical  length  of  the  column  is  not  shown, 
This  is  done  to  save  space  and  time. 

^  Skeleton  diagrams.  One  of  the  fu'st  steps  in 
preparing  a  truss  detail  is\tq^raw  a  small,  scaled 
diagram  often  called  a  skeleton  diagram.  A  skeleton 
diagram  is  constructed  of  **working  lines"  which 
usually  coincide  with  the  front  view  ccnterlines  of 
the  truss  members.  These  diagrams  have  various 
purposes.  In  figure  3-3,  the  diagram  shows 
dimensions  to  the  ''working  points" — the 
intersections  of  the  working  lines  are  referred  to  as 
working  points.  The  diagram  in  figure  3-3  also 
serves  as  a  reference  in  laying  out  and  dimensioning 
the  truss  members.  When  only  one  member  of  a 
truss  is  to  be  detailed,  a  skeleton  diagram  is  used  to 
show  the  position  of  the  detailed  member  with^ 
respect  to  the  other  members.  The  member  being 
detailed  is  indicated  in  the  line  diagram  by  a  neavy 
line.  * 

Nominal  and  actual  sizes.  You  must  keep  in 
mind,  especially  in  drawing  details,  that  commercial 
timbers  are  designated  by  nominal  size  and  drawn 
to  actual  size.  As  you  learned  in  architectural 
drafting,  surfacing  lumber  and  timber  reduces  its 
dimensions.  A  3-inch  x  lO-inch  joist  has  an  actual 
size  of  254  inches  x  9'/^  inches,  and  a  1-inch  x  6-inch 
board  is  actually  25/32  inch  x  SVt  inches. 

Note  also  in  figure  3-3  the  u^i^^f^centerlines  and 
notes  to  designate  the  location  of  bolts  rather  than 
by  drawing  all  bolts  in  place.  This  practice  is 
acceptable  as  long  as  notes  fully  explain 
construction.  In  some  drafting  rooms,  bolts  are" 
designated  by  giving  the  diameter,  length,  type  of 
head  witK  type  of  nut,  and  number  and  type  of 
washers.  Special  bolts  are  detailed  separately  and 
designated  by  a  code  number  or  letter  on 
structural  views.  Pra'cticcs  differ  someM^hat  in 
different  drafting  shops.  However,  these  are  merely 
variations  to  the  standard  practices  and 
conventions  which  have  been  explained  and 
illustrated  in  the  preceding  paragraphs. 

Exercises  (422): 

I.  What  is  an  important  consideration  you  should 
keep  in  mind  concerning  dimensioning^ 
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2.  An  important  feature  in  structural  drafting  is 
  ^  % 


3.  What  does  a  skeleton  diagram  show? . 
%. 

3-3«  StMl  Construction  \ 

Structural  steel  may  be  used  to  form  the 
framework  for  many  kinds  of  structures,  such  as 
bridges,  towers,  hangars,  and  office  and  factory 
buildings.  To  insure  that  construction  is  carried  out 
properly  and  efficiently,  all  necessary  information 
must  be  furnished  to  those  who  are  responsible  for 
the  various  phases  of  construction.  This 
information  is  contained  in  drawings, 
specifications,  orders,  and  bills  of  material.  The 
followmg  drawings  are  used  in  the  fabrication  and 
erection  of  steel  structures. 

423.  Define  terms  and  identify  drawings  related  to 
the  fabrications  and  erection  of  steel  structures. 

Layout  Drawings*  Layout  drawings,  which  are 
sometimes  called  general  plan  and  profile  drawings, 
convey  necessary  information  on  the  location  of  the 
structure  in  relation  to  the  site.  Other  items. of 
information,  such  as  elevations  for  principal  points 
m  the  structure,  nature  of  t^}e  underlying  soil,  or  the 
location  of  other  structures,  roads,  and  utilities, 
may  be  included  on  the  drawing. 

Layouts.  Figure  3^  is  an  example  of.  a  layout 
drawmg  for  a  steel  railroad  bridge.  Notice  in  figure 
3-4  that  the  information  for  the  location  of  the 
bndgp  abutments  and  piers  is  presented  by  means  of 
survey  stations  and  ground  elevation  contour  lines. 

General  drawings  consist  of  plan  views, 
elevations,  and  sections  of  the  structure. 
Information  on  size,  materials,  and  the  makeup  of 
'  all  main  structural  members  is  given.  Depending 
upon  the  size  of  the  structure  and  the  complexity  of 
the' construction,  a  few  or  many  general  dryings 
may  be  required.  Figure  3-5  is  an  example  of  a 
general  drawing  for  part  of  the  superstructure  of  the 
bridge  shown  in  figure  3^4. 

•Fabrication  drawings,- often  called  shop  detail 
drawings,  are  dciail  drawings  which  give  all . 
information  on  size,  shape,  material,  connections, 
and  attachments  for  each  member  of  the  structure. 
Fabrication  is  the  process  of  cutting,  drilling,  and 
assembling  steel  parts  into  members.  An  erection 
mark  which  usually  consists  of  cgipital  letters  and 
numbers— sec  MK4I4,  Mk416,  MK51,  etc.,  in 


figure  3-5— is  painted  on  each  mcmber^forc  it 
leaves  the  shop.  These  erection  marks  are  assigned 
by  the  designer  and  are  used  on  design  layouts, 
general  dra>Vjngs,  ^nd-franjing  plans.  The  erection 
marks  are  used  throughout  the  fabrication  process 
to  identify  the  members  and  later  to  assemble  the 
members  in  the  structure.  Identical  members  ate 
given  the  same  mark.  Notice  the  repetition  of 
numbers  in  figure  3-5.  Figure  3-6,  a  shop  detail 
drawing  shows  component  parts  and  dimensions 
for  fabricating  "stringers"  for  the  bridge  shown  in 
figures  3-4  and  3-5.  Note  that  the  drawing  in  figure 
3-6  serves  for  fabricating  two  different  members— 
MK4l4and  MK4I5  stringers.  The  dimensions  and 
notes  explain  the  differences  between  the  two 
beams.  This  method  is  frequently  used  when 
members  are  alike  in  all  respects,  except  for 
variances  in  length  or  in  other  minor  details.  As  an 
aid  in  assembling  or  fitting  together  the  individual 
parts  of  built-up  members,  each  part  is  assigned  an 
assembly  mark.  Assembly  marks  appear  on  the 
drawing  and  are  assigned  in  the  drafting  room 
where  fabrication  drawings  are  prepared.  Althou^ 
there  is  no  standard  system  for  assigning  assembly 
marks,  the  usual  method  is  \p  use  a  combination  of 
lowercase  leuers  and  numbers.  Usually  the  letter 
indicates  the  shape  of  the  steel  member— "a**  for 
connection*  angles,  "p"  for  splice  plates,  etc.  The 
number  differentiates  between  pieces  of  the  same 
shape  which  are  different  in  size  or  detail.  If  more 
than  one  of  a  specific  part  is  required,  the  assembly 
mark  is  entered  on  the  drawing  after  the  size  of  one 
part— simifer  parts  are  identified  by  the  same 
assembly  mark  without  repeating  the  size.  Notice  in. 
figure  3-6  that  the  con\iection  angles  shown  on  the 
right  end  of  the  stringer  are  identified  by  the 
assembly  mark  "a  1 5"  follow  ing  the  designation  L4  x 
6  X  3/«  X  2'10''.  The  connection  angles  on  the  left  end 
are  identified  only  as  "a  1 5."  A  word  of  caution:  be 
sure  that  you  are  familiar  with  the  marking  sj^stem 
used  in  your  shop  because  simple  errors  m  the 
fabrication  of  steel  members  can  be  very  costly. 

Erection  drawings  are  simplified,  small-scale 
diagrams  whyjh  show  the  mark,  location,  and 
position  of  each  member  in  the  structure.  These 
drawings^are  prepared  for  more  complex  structures 
and  serye  as  guides  in  fitting  structural  members 
together  at  the  job  site.  In  constructing  a  building 
framework,  a  floor  framing  plan  usually  serves  as 
the  erection  diagram.  The  larger  and  more 
complicated  the  structure,  the  simpler  the  diagram 
symbols  must  be.  On  small-scale  diagrams,  a 
straight  line  may  h^i^sed  to  represent  any  steel 
shape  as  long^as  the  proper  notation  appears 
adjacent  to  the  line. 

# 

74 

3US 


FACe  OF 


£NI>  or  HlA/i 


60''0 


J  2S-0  y 


SPAM  f_ 
50-0" 


S^AMS 


fAC€Or 
^  SACJtWAU 

roporne 
y  /oaoo 


SAM>r  CLAY 


WEST 


£Asr 

ABUTMENT 


FOUNDATION  PLAN 


Figure  3-4.  Typical  layout  drawing. 
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Falsework  plans  are  prepared  tp  show  the 
method  of  constructing  temporary  su^orts, 
usually  timber,  which  are  needed  in  the  construction 
of  large  steel  structures.  Buildings  under  40  feet  high 
do  not  ordinarily  require  falsework,  but  falsework  is 
especially  important  in  bridge  building  and  in 
reinforced  concrete,  construction.  In  simple 
construction,  the  supporting  falseworl?  may  be 
designed  at  the  job  site  by  the  erector  or  contractor. 

A  bill  of  materials  is  a  listing  of  the  quantities, 
lengths,  and  other  necessary  descriptions  of  all 
materials  needed  for  construction.  Each  part  of  the 
strt^ure  is  listed  by  its  identifying  marks  and  its 
total  weight  This  is  necessary  for  checking  on 
shipping  weight  and  for  determining  the  required 
capacity  of  hoisting  equipment  and  falsework 
construction.  A  rivet  list  may  also  be  included  in  a 
set  of  plans.  It  lists  the  size  and  number  of  rivets, 
bolts,  and  pins  used  in  erecting  the  steel  structure. 

Exercises  (423): 


1.  What  is  meant  by  •*fabricationr 


1  What  is  an  erection  drawing? 


3.  What  is  falsework  and  when  is  it  used? 


424.  Give  the  sequence  for  writing  the  dimensions 
of  selected  steel  shapes. 

Steel  Shapes.  Figure  3-7  shows  cross  sections  of 
the  more  common  structural  steel  shapes.  Their 
general  proportions  remain  the  same  throughout  a 
wide  range  of  sizes,  and  the  shapes  are  standardized. 
Although  the  dimensions  of  the  more  commonly 
used  shapes  are  easily  memorized,  a  complete  listing 
of  each  shape  by  size  and  weight  should  be  kept  6n 
hand.  This  information  is  furnished  in  handbooks 
and  manuals  published  by  steel  manufacturers  and 
trade  associations. 

As  vyas  previously  explained  in  the  study  of 
architectural  drafting,  symbols  ore  used  in  notes  or 
dimensions  to  identify  these  shapes.  JHowever,  a 
more  thorough  discussion  is  r6quired  because  of  the 
importance  of  correctly  specifying  standard  shapes 
on  structural  drawings.  You  should  give  particular 
attention  to  the  sequence  used  for  writing  the 
dimensions  of  the  various  steel  shapes.  When 
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dimensioning  steel  members,  it  is  permissible  tp 
omit  the  inch  (0  and  pound  (#)  symbols.  In  making 
notes  or  bills  of  materials,Vsiructural  members 
should  be  specified,  as  indicated  in  figure  3-7  and  as 
explained  below. 

Angles,  Angles,  consisting  of  two  legs  set  at  right 
angles,  may  be  equal  leg,  unequal  leg,  or  bulb  angle. 
Equal  l^g  angles  are  specified  by  giving  the  symbol 
and  the  size  of  legs  by  thickness  and  by  length.^ 
Unequal  angles  are  billed  by  giving  the  length  of  the 
long  leg  first.  Bulb  angles  are  specified  by  name, 
giving  the  length  of  the  legs  in  the  same  manner  as 
for  unequal  leg  angles.  No  thickness  is  given  for 
bulb  angles,  as  the  thickness  is  standard  for  specific 
shapes.  Instead,  the  weight  per  linear  foot  is  given 
for  bulb  angles.  . 

Bars.  Round,  square,  and  flat  ban  are  used  for 
various  purposes  in  steel  framing.  Round  bars  are 
the  most  widely  used  as  tie  rods  between  memben  to 
steady  them,  op^  diagonal  braces  in  framed  ^ 
structures.  Square  and  round  bars  are  specified  by 
giving  their  size,  symbol,  and  length.  Flat  bars  are 
specified  by  giving  width  by  thickness  by  length. 

Standard  beams.  These  aft  generally  called  I- 
beams.  Their  notational  sequence  is  nominal  depth 
by  weight  per  fpot  by  length.  Junior  beams  are 
lightweight  I-beams.  Plates  arespecified  as  width  by 
thickness  by  length.  In  addition  to  the  special 
^mbol  used  to  Indicate  plate  material,  descriptive 
words  are  commonly  employed  in  the  notation. 

Standard  channels.  Standard  channels  are 
specified-in  depth  by  weight  per  foot  by  length.  Like 
I-beams,  standard  channels  have  sloping  flanges, 
rounded-off  toe.s  at  flanges,  and  fillets  between  web 
and  flanges.  Tlie  symbol  for  a  channel  is  usually 
drawn  lying  on  its  back  to  prevent  its  being  confused 
with  the  symbol  for  an  angle  or  an  I-beam.  Special 
channels  are  specified  by  giving  depth  by  flange 
width  by  length. 

Tees.  Rolled  tecs  are  specified  by  flange  width  by 
stem  height  by  weight  per  foot  by  length.  Structural 
tees  are  made  by  cutting  standard  I-beams,  wide- 
flange  beams,  or  junior  beams  lengthwise  through 
the  center  of  their  web;  The  notation  sequence  for 
structural  tees  is  different  from  that  for  standard 
rolled  tees,  as  shoj|h  on  figure  3-7. 

Wide-flange  beams.  Wide-flange  ^  beams  are 
sometimes  called  B,  CB-,  or  H-^hapes.  The  rtlffEiliotrr- 
givfcs  the  standard  depth  in  inches,  by  weight  per 
foot  by  length.  These  sections  have  straight  flanges 
and  filleted  interior  angles  between  wehand  flanges. 

Rails.  Rails  are  designed  by  giving  the  standard 
type  (American  Society' of  Civil  Engineers  or 
American  Railway  Association),  weight  per  yard, 
and  length  in  feet  and  inches. 
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Pipe  columns.  Pipe  columns  arc\dentified  by 
giving  the  nominal  diameter  and  name.  A  "l^lly" 
column  is^  pipe  column  filled  with  concrete. 

Zees.  Zees  are  designated  by  giving  web  degth  by 
flange  width  by  weight  per  linear  foot  by  l^h. 
Zees,  like  channels,  are  used  primarily  in 
constniction  of  built-up  members. 

Exercises  (424): 

I.  How  are  flat  bars  specified? 


2.  How  are  rolled  tees  specified? 


3.  What  is  the  notational  sequence  for  writing  the 
dimensions  of  standard  beams? 


425*  List  the  two  mtjor  types  of  framing,  a  use  for 
each,  and  drawing  practices  for  selected  aspects  of 
framing  plans.  ^ 

Framing  Plans*  Steel  structures  involving 
triangular  framework,  such  as  bridges  and  roof 
trusses,  represent  one  major  type  of  steel  framing. 
The  other  type  is  known  as  rectangular  framing,  and 
it  includes  buildings  and  othei*  structures,  whose 
skeleton  frame  is  composed  mainly  of  vertical  and 
horizontal  members  connected  at  right  angles  to 
each  ether.  Rectangular  framing  may  be  further 
subdivided  into  wall-bearing,  beam-and-column, 
and  long-span  framing.  In  wall-bearing 
construction,  botlj  interior  and  exterior  walls  are 
used  to  support  steel  framing  members.  The  walls 
must  be  strong  enough  to  carry  loads  transmitted  by 
the  supported  members.  In  >jbcam^and-column 
framing,  steel  columns  are  used  to  support  floor  and 
wall  systems.  Long-span  framing  is  used  where  it  is 
desired  to  span  distances  greater  than^those  which 
can  be  safely  spanned  by  single  members.  Built-up 
trusses  or  girders  are  used  to  span  between  widely 
spaced  columns  or  walls.  Girders  are  usually  built 
up  using  a  plate  for  the  web  and  angles  at  the  top 
and  bottom  flanges.  On  longer  spans,  trusses  are 
used  because  they  have  a  greater  strength,  pound  for 
pound,  than  built-up  girders. 

As  a  graphic  specialist,  you  must  be  able  to  draw 
framing  plans  for  buildings.  These  ptans  are  also 
known  as  design  layouts,  because  they  show  the 
arrangement'  of  columns,  girders,  aftd  beams  for 
each  floor  of  the  building.  A  framing  plan  also 


.  serves  asan  erection  plan.  The  first  step  in^drawing  a 
framing  plan  such  as  the  one  illustrated  ifTfigure  3-8, 
is  to  lay  out  light  working  lines  to  mark  the 
centerlines  of  the  columns.  These  lines  are  laid  out 
in  both  directions  and  may  later  serve  as  extension 
lines  for  dimensions.  The  columns  may'  be 
numbered,  or  the  rows  mav  be  given  letters  and 
numbers.  A  common  practice — the  one  used -in 
Jigfure  3-8S— is  to  assign  numbers  to  the  lines 
inning  at  right  angles.  Each  column  can  then  be 
acetified  by  its  coordinates,  such  as  A-1,  B-l,and 
so  \n.  Each  column  will  have  the  same 
identil^ation  throughout  its  entire  height.  Columns 
built  in  sections  will  bear  an  additional  marksuch  as 
A-1  tier  KTier  1  would  be  the  first  section  erected 
on  the  colimn  footing,  and  the  fint  section  usually 
extends  through  two  stories.  The  mark  A-1  (0-2) 
is  another  mettUKi  of  marking  which  would  convey 
this  same  infonmtion.  That  is,  thedesignation  (0-2) 
means  thecolumm^tends  from  the  footing  through 
the  second  story.  Tne  designation  (3-4)  identifies  a 
column  that  extends\hrough  the  third  and  fourth 
stories. 

.  A  column  schedule  is  pl^pared  in  addition  to  the 
framing  plans.  It  is  organi^  in  tabular  form  and 
gives  the  sizes  of  each  column>ection  throughout  its 
height.  It  also  indicates  the  points  at  which  the 
splices  occur,  the  elevation  of  Controlling  points, 
and  the  sizes  of  column  base  platek  Base  plates  are 
heavy  plates  which  rest  upon\the  concrete 
foundation  to  provide  a  bearing  susface  and  an 
anchorage  for  the  column  ends.  \ 

A  heavy  line  is  used  as  the  symbol  for  girders  and 
beams,  and  it  is  drawn  up  to  the  column  symbol.  A 
small  space  is  left  between  th  line  in  thcjcolvimn  to 
indicate  that  the  members  do  not  touch.  This 
represents  the  "clearance**  which  is  always  left 
between  adjoining  members  to  allov^  for  errors  in 
fabrication  and  .changes  in  temperature  and  to 
facilitate  erectio  n.  Clearance  variesdepending  upon 
the  size  of  the  member,  and  clearance  values  can  be^ 
established  by  consulting  steel  handbooks.  Sizes  of 
girders  and  beams  in  framing  plans  are  noted,  as 
shown  in  figure  3-8.  The  notations  are  placed 
directly  above  horizontal  line  symbols  and  to  the 
left  of  vertical  line  symbols.  When  a  beam  (or  series 
of  beams)  duplicates  the  size  noted  directly  above  or 
to  the  left,  the  abbreviation  **DO,**  meaning  ditto, 
may  be  used  instead  oLrepeating  the  notation.  Do 
not  use  the  usual  ditto  symbol  because  it  is  easily 
confused  with  the  standard  inch  symbol. 

Dimensions  are  given  to  the  centerlines  of  beams 
and  girders^,  and  they  are  placed  outside  the  plan. 
Extension  lines  are  drawn  in  accordance  with  the 
usual  dimensioning  practice.   Each  horizontal  . 
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member  is  assigned  an  identification  mark,  usually 
a  capitalklicer,  which  serves  also  as  an  erection 
njailUiP^c  letter  may  be  followed  by  a  number 
wh^may  be  used  to  refer  lo  a  detail  drawing  for 
that  member,  or  it  may  be  the  floor  number^of  a 
multistory  building.  In  figure  3^,  we  notice  that 
each  identification  letter  (A,  H,  J,  etc.)  is  followed 
by  the  number  2,  indicating  second  floor  memben. 
When  two  members  are  identical,  they  may  be  given 
the  same  mark,  and  only  one  detail  view  is 
necessary. 

Exercises  (425): 

1.  What  arc  the  two  major  types  of  framing?  , 


2.  What  is  the  practice  for  assigning  numbers  and 
letters  to  lines  in  a  drawing? 


1  How  are  these  framing  plans  used? 


426.  Define  how  structtiral  members  are  connected 
and  detailed. 

Connections*  The  usual  method  of  connecting 
one  structural  member  to  another  is  by  means  of 
small  connection  angles  which  are  boltecLriveted, 
or  welded  in  position.  Although  man)^- basic 
connections  are  in  use,  the  seated  and  framed 
connections  (see  fig.  3-8)  are  the  principal 
connections  used  to  join  I-beams,  wide-flange 
beams,  and  channels.  The  identifyinpfeature  of  the 
seated  connection  is  the  seat  angle  which  forms  ^ 
ledge  to  support  the  load.  The  dimensions  of  the 
seat  angle  and  the  number  and  size  of  the  fasteners 
must  provide  sufficient  strength  to  safely  carry  the 
entire  vertical  load  transmitted  to  the  column  from 
the  beam.  When  v-ry  large  loads  are  involved, 
stlffcner  angles  and  a  filler  plate  arc  added  to 
increase  the  load-carrying  capacity  of  the  seat.  The 
'main  purpose  of  the  top  angle— shown  connected  to 
the  top  flange  of  the  beam  and  web  of  the  column- 
is  to  prevent  the  beam  from  moving  sidewise.  Some 
designen  eliminate  the  "need  for  a  top  angle  by  using 


a  small  angle,  err  clip  angle,  connected  between  the 
webs  of  the  two  members.  Although  the  seated 
connection  illustrated  in  figure  3*8  shows  a  fiahge- 
to-web  connection,  this  connection  is  also  used  to 
fasten  the  webs  of  two  members. 

Examination  of  the  framed  connection  illustrated 
in  figure  3-8  shows  the  webs  of  two  members 
fastened  together  by  two  standard  angles.  The 
length  of  the  connection  Angle  is  determined  by  the  ^ 
web  depth  of  the  member  they  support.  The  leg 
dimensions  of  the  angle  and  the  number,  size,  and 
arrangement  of  the  bolts  or  rivets  are  varied 
accqifding  to  beam  loads. 

To  obtain  some  degree  of  standardization  in  steel 
construction,  the  American  Institute  of  Steel 
Construction  (AISC)  has  recommended  six  major 
scries  (A,  B,  H,  HH,K,and  KK)  of  standard  framed 
connections.  Each  connection  within  a  series  is 
identified  by  a  number;  for  instance,  there  are  10 
connections  within  the  A  series  ranging  from  A 1  to 
A 10.  According  to  the  AISC  Steel  Construction 
Manual,  there  are  52  standard  framed  connections 
used  for  beams  ranging  in  depth  from  5  to  36  inches. 
The  structural  enginee;-  or  designer  has  the 
responsibility  to  determine  the  type  connection 
required  for  a  given  set  of  conditions.  Your  primary 
task  is  to  drawthe  details  of  the  connections.  Since 
complete  information  '  for  detailing  these 
connections  is  found  in  ji  good  trade  manual,  it  is 
impractical  for  you  to  memorize  the  information. 

Notice  in  figure  3-8  that  in  both  connections  a 
clearance  is  left  between  the  two  members.  This 
clearance  simplifies  erection.  If  ^  beam^is  to  be  fitted 
between  two  other  members,  the  beam  is  normally 
cut  1/2  inch  short,  and  the  connection  angles  are 
allowed  to  extend  1/4  inch  beyond  the  ends  of  the 
beam. 

Detail  Drawings,  Detail  drawings  include  all  the 
information  for  fabrication  of  various  parts  of  the 
structure,  and  they  are  prepared  in  the  fabrication 
shop  rather  than  by  the  architectural  or 
construction  draftsman.  In  preparing  details  for 
steel  framing,  you  will  follow  the  same  general  rules 
explained  previously.  Briefly,  all  parts  are  detailed 
in  the  position  which  they  occupy  in  the  structure. 
Beams  and  girders  are  detailed  horizontajily,  ^nd 
columns  ^re  detailed  vertically.  Also,  two  scales 
may  be  used  in  detailing  a  structure  such  as  a  truss. 
In  detailing  a  single  menlber  such  as  a  beam,  the 
overall  length  of  the  member  need  not  be  drawn  to 
scale.  These  practices  will  be  illustrated  and 
explained  in  the  following  paragraphs.  First, 
however,  certain  details  of  steel  construction  should 
be  studied. 
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Exercisfft  (426): 

1.  What  is  the  usual  method  for  connecting  one 
structural  member  to  another? 


2.  How  are  beams,  girders,  and  columns  detailed  in 
a  drawing? 


427.  State  selected  construction  and  drafting 
practices  relating  to  nvcts* 

Riveting.  Structural  members  are  assembled  as 
much  as  possible  in  the  fabrication  shop.  Rivets 
driven  in  the  shop  are  called  shop  rivets,  and  those 
driven  during  actual  erection  are  called  field  rivets. 
All  holes,  whether  for  shop  or  field  rivets,  are 
punched  or  drilled  in  the  fabrication  shop.  Two 
different  symbols  are  used  on  detail  drawings  to 
distinguish  between  these  two  types  of  rivets.  The 
conventional  symbols  used  to  show  shop  rivets  and 
field  rivets  on  detail  drawingSr  are  illustrated  in 
figure  3-9.  Examine  the  symbols  to  be  sure  you 
understand  the  significance  of '  the  diagonal 
^(sloping)  lines.  Notice,  for  instance,  that  a  circle 
with  no  lines  ind  icates  that  the  rivet  is  to  be  driven  so 
as  .to  have  a  full  head  on  both  sides  of  the 
connection.  On  the  other  hand,  a  circle  with  two 
parallel  lines  passing  through  and  extending  beyond 
the  circle  means  that  the  rivets  will  be  1/2  ineh  or 
5  /  8  inch  in  diameter  and  both  ends  will  be  flattened 
to  within  1  /4  inch  of  the  sides.  The  black  portion  of 
the  field  rivet  symbol  indicates  a  drilled  or  punched 
hole,  in  which  rivets  are  placed  for  erection. 

When  rivei  symbols  are  shown  on  detail 
drawings,  the  diameter  of  the  rivet  shank  is  u$e<^for 
field  rivets.  Shop  rivets  are  detailed  by  shoWtng  the 
diameter  of  the  rivet  head.  Note  in  figure  3-9  that  for 
all  rivets  except  the  countersunk  and  coneHead  the 
head  diameter  is  equal  to.  1.75  times  the  shank 
diameter,  ilms,  the  head  diameter  of  a  3/4-inch 
rivet  Is  equal  to  1.75  times  0.75,  or  approximately 
1.3  inches. 

On  small-scale  drawings,  centerlines  may  be  used 
to  indicate  rivet  positions.  The  centerlines  represent 
pitch  and  gagelines.  As  shown  in  figure  3*9, 
gagelines  extend  longitudinally  along  the  steel 
shape  to  indicate  the  line  along  which  rivets  should 
be  placed.  The  gagelines  for  each  structural  shape 
have  been  standardized.  The  gageline  of  an  angle  is 
measured  from  the  back  of  the  angle.  The  gageline 
on  the  flange  of  a  channel  is  measured  from  the>ack 
of  the  channel.  In  I-beams,  gages  are  referenced  to 


the  centerline  of  the  ^tb.  bistances  from  the  back 
or  centerline  of  ^  str^tural  shape  will  keep  the 
gagelines  in  the  proper  p'^ition.  Distances  from  the 
edge  of  the  flanges  are  \oi  used  because  of  the 
variety  of  sizes  and  weight^for  each'type  of  steel 
shape.  When  more  than  one  g^eline  is  required  in  a 
riveted  connectk)n,  the  rivets  can  be  placed  along 
the^geline  in  either  of  two  arrangements.  The 
rivets  may  b?  staggered  (sec  fig.  3-9)  so  that  the 
rivets  on  b'nc  gageline  arc  placed  halfway  between 
the  rivets  on  the  adjacent  gagelines.  In  the  second 
arrangemeit^called  chain  niveting,  the  rivets  are 
placed  oppo^Kf-eacl^other  on  adjacent  gagelines. 

Pitcl^lhfcl?  arc  ccnicrltnes  which  are  drawn 
perpendicuiar  to  gagelines.  When  only  one  gageline 
is  used  or  chain  riveting  is  employed,  the  term 
**pitch"  /eievs  to  the  distance  betwe^^n  the  centers  of 
consecutive  rivets  in  a  line  of  rivets.  In  staggered 
riveting,  pitch  is  the  distance  from  thd  center  of  a 
rivet  on  one  gageline  on  the  center' of  the  nearest 
rivet  on  the  adjacent  gagelme. 

The  primary  reason  for  riveting  two  members  is 
to  transfer  a  load  ffom  one  member^  to  the  other 
member.  One  of  the  critical  factors  which  determine 
the  slrcngth  of  a  riveted  connection  is  the  spacing 
between  rivets.  When  the  rivets  are  too  closely 
spaced—  the  distance  between  gagelines  and 
pitchlines  is  too  smatl— a  fracture  may  develop  in 
the*material  betv^een  rivet  holes.  Convci^cly,  when 
the  spacing  is  too  great,  the  strength  of  the 
connection  will  be  impaired.  As  a  rule  of  thumb,  the 
centcrsnrf  consecutive  rivets  should  not  be^  closer 
^n  three  times  the  diameter  of  the  rivets.  For 
^example,  in  a  connection  which  uses  3/4-inch  rivets, 
jthe  minimum  spacing  is  3  x  V<~2f/4'  inches. 
/Normally,  the  preferred  spacing  is  greater  than 
three  times  the  diameter— 21^  inches  for  3/4-inch 
rivets,  3  inches  for  7/8-inch  rivets,  etc. 

Other  factors  which  must  be  consitiered  when 
spacing  rivets  are  edge  distance  and  head  clearance. 
Edge  distance  is  defined  as  the  perpendicular 
distance  frotn  the  edge  of  a  shaped  n\cmber  to  the 
center  of  'the  nearest  rivet.  If  a  rivet  is  placed  too 
close  to  the  edge  of  a  riveted  member,  the  material 
may  fracture,  allowing  the  rivet  to  pull  out.  The 
minimunl  rccoramejided  edge  distance  for  the 
various  steel  shapes  will  be  found  in  most  trade 
manuals.  The  maximum  edge  distance  should  not 
be  greater  than  1 2  times  the  thicl^ness  of  the  thinnest 
riveted  member  or  6  inches,  whichever  is  less.  For 
example;,  when  1/4-inch  and  5/16-inch  members 
are'rivctcd,  the  maximum  edge  distance  should  not 
exceed  12  times  1  /4  inch,  or  3  inches.  On  the  other 
hand,  if  5/8-inch  and  3/4-inch  members  arc  riveted 
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together,  the  maximum  edge  distance  will  be  6 
inches  because  12  times  5/8  exceeds  6  inches. 

Head  clearance  refers  to  the  clearance  between 
the  head  of  any  rivet  to  be  driven  and  any  other  part 
of  the  structural  member.  Sijicc  most  rivets  used  in 
steel  construction  are  driven  by  riyeting  machines, 
the  head  clearance  rntHj  be  sufficient  to  permit 
proper  positioning  of  the  riveting  machine.  The 
mimmum  head  clearance  is  specified  in  manuals 
according  to  the  diameter  of  the  rivet— typical 
clearances  arc  IVi  inches  for  %-inch  rivets  and  \y% 
inches  for  7/8-inch  riveU.  ^ 

Generally,  all  information  about  the  size»  weight, 
and  spacing  of  rivets  will  be  located  in  the  same 
section  of  steel  construction  handbooks  as  the 
standard  connections.  Where  possible,  most 
structural  designers  will  use  standardized 
cbnnections.  Thus,  when  you  arc  assigned  to  detail 
riveted  connections,  you  will  be  able  to  obtain  most 
of  the  information  from  the  reference  manuals.  If 
the  designer  indicates  that  a  special  connection  is 
necessary,  you  will  get  the  detailed  information 
from  the  designer.  % 


Exercises  (427):  s 

I  r 

I.  How  is  the  distinction  between  shop  and  field 
rivets  shown  on  a  detailed  drawing? 


2.  What  is  the  primary  reason  for  riveting  two 
members? 


3.  How  are  rivet  positions  indicated  on  small-scale 
drawings? 


428.  State  the  difference  between  a  weld  symbol 
and  a  welding  symbol  and  give  the  sUndard 
locations  of  certain  elements  of  welding  symbols. 

Welded  StructlBls.  Welding  is  another  method  of^ 
making  permanent  fastenings  in  steel  structures. 
One  advantage  of  welding  is  that  parts  can  bejoined 
at  almost  any  position  in  relation  to  each  other  and 
the  joint  is  equal  in  strength  to  a  riveted  connection. 
^Construction  methods  for  welding  follow  closely  to 
the  methods  of  riveting.  Beams  and  columns  are  not 
welded  directly  to  each  other,  but  are  framed  by  the 
use  of  plates*  angles,  and  connecting  pieces.  The 
parts  to  be  welded  together  may  be  held  in  position 


by  temporary  fastenings,  bolts  or  pins,  until  the 
welding  process  is  completed. 

There  are  many  different  types  of  welded  joints 
and  several  welding  processes;  and  a  system  of 
symbols,   listed   in   J  AN -STD- 19-- Welding 
Symbols,  has  been  developed  to  indicate  the  type  of 
weld  desired.  As  shown  infigure  3-10,  this  symbol  is 
in  the  form  of  an  arrow  upon  which  other  symbob» 
marks,  and  letters  are  placed.  A  complete  symbol 
consists  of  eight  elements  which  have  a  standard 
arrangement  with  respect  to  the  reference  line  and 
arrow..  The  location  of  the  anow  has  a  special 
significance,  as  indicated  in  figures  3-10and-3.1 1.  A 
distinction  should  be  noted  between  a  weld  symbol, 
which  is  an  element  to  indicate  the  type  of  weld,  and 
the  welding  symbol*  which  consists  of  ,as  many 
elements  as  are  needed  to  state  the  required 
information.  ,  . 

Figure  3-1 1  shows  symbols  for  arc  (electric)  and 
gas  (oxygcnacetylene)  welding  and  illustrates 
^  several  types  of  joints.  A  square  groove*  or  plain 
butt  joint,  is  used  for  thin  meul,  but  thicker  plates 
must  be  grooved  so  that  weld  metal  can  be  deposited 
in  successive  layers.  The  basic  directions  for  using 
welding  symbols  on  drawings  arc  as  follows:^ 

a.  The  welding  symbol  may  be  drawn  cither 
freehand  or  mechanically,  with  elcmenu  of  the  ^ 
symbol  in  standard  location  in  reference  to  the 
arrow. 

The  side  of  the  joint  to  which  the  arrow  pomts 
is  caUed  the  arrow  side;  the  opposite  side  is  called 
the  other  side.  Formerly,  the  terms  **near  side**  and 
**far  side*"  were  used  with  welding  symbols.  Since  t^ie 
terms  "near  side"  and  **far  side"  are  meaningless 
when  joints  are  shown  in  section,  the  terms  are  no 
longer  used.  Welds  to  be  made  on  the  arrow  side  of  ^ 
the  joint  are  indicated  by  placing-  the  basic  weld 
symbol  on  the  side  of  the  riference  line  toward  the 

reader.  For  example,  the  symbol  16  (symbol  A  in 

G 

fig.  3-11)  is  placed  on  the  bottom  side  of  the 
\  reference  line.  Welds  to  bemadeontheothersideof 
the  joint  are  indicated  by  placing  the  weld  symbol 
on.Uie  side  of, the  reference  line  away  from  the 
reader  (symbols  B  and  E  in  fig.  3-1 1).  When  welds 
are  to  be  made  on  both  sides  of  the  joint*  weld 
symbols  are  placed  on  both  sides  of  the  reference 
line  (symbol  C  in  figure  3-11). 

c.  The  perpendicular  leg  of  fillet,  bevel,  and  J- 
groove  weld  symbols  is  always  placed  on  the  left  in 
accordance  with  standard  drafting  conventions. 
The  5ize  dimension  of  a  weld  is  shown  to  the  left  of 
the  symbol  and  weld  spacing  is  shown  to  the  right 
(fig.  3-11). 
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Figure  3-10.  Elemenu  of  welding  symbols. 
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Figure  3-1 1.  Application  of  wddini  symbols. 
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d.  When  a  bevel  or  J-groove  weld  is  indicated, 
the  arrow  (connecting  the  reference  line  to  the  joint)^^ 
has  a  definite  break  toward  the  member  which  is  to 
be  beveled  or  grooved  (symbol  F  in  fig.  3-1 1). 

e.  The  contoi:^r  and  fmish  of  a  weld  are  indicated 
as  shown  in  figure  3-1 1  ,D.  The  letters  "C^  **G,**'and 
**M**  arc  used  to  indicate  chip,  grind,  or  machine. 
Groove  welds  which  are  to  be  welded 
approximately  flush  (without  using  mechanical 
grinding,  chipping,  or  machining)  are  indicated  by 
adding  pnly  the  Hush  contour  symbol  to  the  weld, 
symbol.  / 

/  A  legend  should  be  placed  with  the  drawings  to 
guide  in  interpreting  welding  symbols.  Sample 
joints  and  their  significant  symbols  should  be 
included  is;  the  legend  to  give  the  standards  for  the 
job.  ThQsc  symbols  govern  the  formirigand  welding 
of  similar  joints  appearing  on  the  drawings.  This 
simplifies  the  symbols  which  appear  on  the  drawing 
by  making  it  possible  to  omit  dimensions  >on 
symbols  for  standard  joints.  For  example,  the 
legend  states  that  **all  bevels  are  45°  unless 
.  otherwise  shown."  Therefoi^,  you  may  omit  the 
angle  dimension  on  all  standard  joints  of  this  type 
and  dimension  only  bevels  which  are  exceptions  to 
the  rule  establi^d  by  the  legend.  « 

g.  When  a  tail  is  used  on  an  arrow,  it  refers  to  a 
weld  listed  in  specifications  for  individual  welds.  If 
it  is  desired,  the  tail  and  reference  may  be  omitted 
when  the  welding  procedures  to  be  used  is  described 
ekewhere.  All  dimensions  given  on  a  welding 
symbol  are  understood  to  be  in  inches  and  in 
degrees  of  angle,  and  inch  and  degree  marks  are 
omitted  from  the  symbols  in  most  drawings. 

.  Exercises  (428): 

I.  Wh^t  is  the  difference  between  a  weld  symbol 
and  a  welhii^g  symbol^ 


2.  Where  are  the  size  dimension  of  a  weld  and  weld 
spacing  shown  in  reference  to  the  welding 
symbol? 


Rtlnforctd  Concf«to  Construction 

Reinforced  concrete  buildings  may  be 
constructed  by  the  skeleton  frame  method  or  with 
load-bearing  walls.  According  to  the  firstTnethod, 
the  floors  bnd  roof  rest  upon  columns,  or  they  are 
carried  by  beams  and  girders  which  rest  upon 


columns.  Exterior  walls  and  interior  partitions 
inclose  the  spaces  betweer\  columns,  and  the  walls 
must  be  supported  by  the  beams  and  girders.  The 
majority  of  modern  concrete  buildings  are  designed 
according  to  the  skeleton  frame  method. 

In  the  usual  types  of  concrete  construction, 
wooden  forms  are  prepared  in  advance  of  the 
mixing  of  th6sConcrete  and  are  made  so  that  their 
inside  surfacesTbrm  an  exact  outline  of  floors, 
Jbeams,  girders,  and  columns.  The  concrete  for  these 
members  can  be  poured  at  the  same  time,  thus 
forming  jstrong,  integral  connections  between 
members.  Concrete  structures  having  such 
continuity  between  parts  are  called  monolithic, 
which  means  one  stone.  All  reinforcing  steel  must  be 
placed  within  the  forms  before  the  concrete  is 
poured. 

429.  Give  the  reason  for  certain  practices  used  in 
reinforced  concrete  construction. 

Floor  Systems.  Figure  3-12  illustrates  the 
prevalent  types  of  floor  construction.  Each  of  these 
types  may  be  cast  monolithically,  so  that  it  is 
possible  to  construct  one  floor  of  a  buildttig  with 
one  continuous  pour.  First,  columns  are  poured  up 
to  the  underside  of  the  floor  girders  and  the  concrete 
is  allowed  to  set.  This  Allows  shrinkage  to  take  place 
in  {he  columns  before  the  floor  systtm  is  poured. 
After  the  floor  concrete  has  set  sufficien  tly,  the  floor 
forms  may  be  removed  and  reused  to  construct 
another  story  of  the  building.  Although  it  is 
preferred  that  slab,  beams,  and  girders  be  poured  in 
one  continuous  operation,  it  is  impossible  to  do  so 
on  large  jobs.  Therefore,  divisions  between  work 
done  at  different  periods  require  the  use  of 
construction  joints.  Permissible  Jocations  for 
construction  joints  must  be  determined  by  the 
engineer,  since  such  joints  affect  the  strength  of  the 
structure.  Their  location  is  indicated  on  a  drawing 
by  a  heavy  line,  and  it  is  standard  procedure  to  have 
sttaictural  joints  for  horizontal  members  lie  in  a 
vertical  plane.  For  vertical  members,  such  as 
columns,  the  joints  would  lie  in  a  horizontal  plane. 
These  joints  provide  a  convenient  stopping  place  in 
<he  work. 

Expansion  joints  are  provided  in  large  concrete 
structures  to  allow  the  mass  to  expand  and  contract 
with  temperature  changes^  Various  joint  designs 
ar.e  used,  and  in  all  x:ases  they  form  a  clean  break 
between  two  adjoining  sections  of  a  building;  no 
reinforcing  extends  across  the  break.  Joint 
construction  is  shown  in  detail  drawings. 

Beam  and  girder  system.  In  this  system,  concrete 
beams  span  between  heavier  girders  whith  rest  upon 
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columns.  When  floor  loads  arc  light,  long  span  floor 
slabs  may  be  run  between  girden  without  the  use  of 
intermediate  supporting  beams.  In  some  beam  and 
girder  systems,  the  main  slab  reinforcement  runs  at 
right  angles  to  the  beam  reinforcing.  Secondary  slab 
rods,  called  temperature  reinforcement,  are  placed 
at  right  angles  to  the  main  slab  bars.  In  a  monolithic 
structure  of  this  type  the  slab  is  often  considered  to^ 
act  as  the  upper  part  of  a  beam,  formipg  what  is 
known  ara  T-bcam. 

Joist  system.  In  this  system  of  construction,  the 
concrete  slab  is  supported  by  closely  spaced  joists 
running  betv^een  girders.  The  joists,  or  ribs,  are 
lighter  in  weight  than  the  beams  described  above.  In 
one-way  joist  construction,  the  ribs  run  in  one 
direction  only;  in  a*two-way  system,  the  ribs  form  a 
waffle  pattern.  At  one  time,  these  ribs  were  formed 
by  placing  hollow  structural  tile  in  the  wooden 
forms.  Concrete  wa^  then  poured  over  and  between 
the  tile  to  form  the  ribbed  slab.  However,  joist 
construction  with  reusable  metal  pans  offers  many 
advantages.  The  metal  pans  are  6  to  14  inches  deep 
and  from  IS  to  30  inches  wide.  Straight  pans  laid^ 
end  to  end  are  used  as  forms  for  one-way  joists; 
metal  domes  are  used  to  make  two-way  joists.  The 
pans  are  spaced  to  form  joists  about  5  inches  wide  at 
the  bottom  and  slightly  wider  at  the  top  because  of 
the  sloping  sides  of  the  pans.  The  center-to-center 
spacing  of  joists  is  25  inches  when  20-inch  pans  are 
used.  A  straight  pan- with  one  closed  end  is  used  as 
an  end  pan  for  one-way  systsms,  illustrated  in  figure 
3-12*  Narrow  width  pans  are  .sometimes  used  to  fiU 
out  spaces  next  to  girders  and  beams  or  to  align 
joists  in  adjacent  slab  areas.  Spaces  under  10  inches 
wide  are  made  as  solid  slabs  the  full  depth  of  the 
joist. 

The  reinforcement  in  one-way  xVdbeA  slabs  is 
usually  one  way;  that  is,  the  main  reinforcement  is 
contained  iathe  joists.  Smalldiameter  "temperature 
reinforcement"  wire  mesh  is  used  in  the  floor  slab, 
which  ranges  in  thickness  from  2  to  3  mches  for  light  * 
floor  loads. 

Flat  slab  system.  This  system  consists  of  a  slab 
supponed  hy  columns  without  beams  and  girders. 
The  columns  ^lave  wide  capitals,  and  the  floor  slab  is 
thickened  around  the  column  capital  by  a  drop 
panel,  usually  square  in  outline.  Reinforcing  bars 
are  placed  as  shown  in  figure  3-12.  Additional  bars 
are  placed  over  the  column  heads  to  inaease  the 
shear  resistance  in  these  areas.  This  system  provides 
a  greater  load*carrying  capacity  for  a  given  amount 
of  concrete  and  steel. 

The  most  difficult  pan  of  making  drawings  for 
reinforced  concrete  construction  is  giving^  accurate 
information  concerning  the  size,  amount,  shape. 


and  placement  of  reinforcing  steel.  We  have  seen 
how  this  infonnation  can  be  combined  in  a  single 
detail  view  when  the  structure  is  simple.  For  a  large 
structure,  however,  every  member  must  be 
considered  individually.  General  plans  and 
elevations  are  prepared  to  show  the  arrangement  of 
footings,  columns,  beams,  and  other  parts.  Details 
and  sections  give  more  accurate  descriptions  of 
these  members  and  also  give  the  location  of 
reinforcing  steel.  However,  these  drawings  do  not 
provide  enough  information  for  the  fabrication  and 
placement  of  reinforcement.  Bar  bending  diagrams 
and  placetnent  schedules  must  also  be  prepared. 
Together  with  general  and  detail  drawings,  these 
bar  diagrams  and  s^edulcs  provide  a  complete 
, picture  of  the  desired  construction.  Typical 
examples  of  plans,  sections,  and  schedules  art- 
shown  in  figure  3-13  and  explained  in  the  following 
paragraphs. 

Extf dses  (429): 

*  1.  Why  are  columns  poured  and  allowed  to  set? 


Why  are  expansion  joints  used  in  concrete 
construction? 


3.  What  feature  does  the  flat  slab  system  provide 
that  other  systems  do  not? 


430.  Explain  briefly  the  reason  a  floor  fnuninf  plan 
is  classed  as  a  structural  drawing  and  the  marking 
system  for  showing  the  location  of  cohinins,  beams, 
and  Joists* 

Floor  Franking  PUits.  A  floor  framing  plan, 
classes  as  a  structural  drawing,  shows  the  location 
of  columns,  beams,  and  joists  and  identifies  each  by 
a  mark.  The  marking  system  established  in  these 
first  drawings  is  used  throughout  all  related 
drawings  and  schedules,  the  same  mark  being  used 
to  designate  a  part  in  any  view  in  which  it  appean  or 
is  listed.  The^t  ^ep  in  drawing  a  floor  framing 
plan  is  to  establish  the  outside  lines  of  the  floor, 
exterior  wall  thickness,  and  column  centerlines. 
Then,  from  sketches  provided  by  the  designer,  draw 
in  columns,  beams,  and  interior  walls.  The  next  step 
is  the  spacing  of  concrete  joists.  In  figure  3-13,  the 
joists  are  spaced  so  that  joists  in  adjoining  slabs  will 
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- -be~tn-littCr^rrow  pan$-ami$c<hncxt  to  exterior- 
Avails  and  double  joists.  The  next  step  is  to'^assign 

Cks  to  beAms  and  joists,  and  indicate  the  span 
the  area  covered  byeach  type  of  joist.  Vertical 
and  horizontal  ^lines  (originating  from  the  circled 
letters)  terminated  by  arrowheads  may  be  used  to 
show  tke  floor  areas  which  incorporate  a  certain 
type  of  joist.  The  same  letter  can  be  used  to 
designate  all  floor  areas  which  are  the  same  type  of 
joist.  For  example,  notice  in  figure  3-13  that  many 
sections  of  the  lirst  floor  are  designated  by  the  letter  - 
"P.-  Where  joists  are  outlined  by  dashed,  lines,  the 
direction 'of  span  is  ,  apparent  to  the  reader. 
However,  in  areas  where  joists  are  not  outlined,  it  is 
important  that  joist  direction  be  indicated  by 
arrows. 

Stairs  are  indica'ted  on  plan  views  by  showing 
about  one^half^he  flight  to  the  floors  above  and 
below  the  floor  being  shown.  The  succeeding  floor 
plan  would  show  the  other  portion  of  the  stairway; 
two  consecutive  floor  plans  would  show  the 
complete  stairway  connecting  tbem.  The  direction 
arid  number  of  stair  risen  are  indicated  on  the 
stairway  by  an  arrow  and  the  letter  '*R.-  In  the  plan 
shown  on  figure  3-13,  there  are  24  risers  leading  to 
the  second  floor.  Stairs  are  usually  proportioned  so 
that  the  ,sum  of  one  riser  plus  one  tread  is 
approximately  17  to  18  inches.  Large-scale  details 
of  stairway  construction  are  required  in  the 
majority  of  cases.  Stair  detail^ for  figure  3*13  are 
described  in  objective  segment  432. 

Another  important  item  which  should  be  shown 
on  floor  plans  for  reinforced  concrete  is  the  location 
of  passageways  for  piping  and  electrical  conduit. 
These  must  be  located  before  concrete  is  poured, 
since  cutting  through  floors  and  beams  is  costly  2tnd 
also  damaging  to  the  structure. 

fxerdscs  (430): 

1.  Why  is  a  floor  framing  plan  classed  as  a^ 
structural  drawing? 


"through"  ari^rd^ fT^e^inraj^^^  joist."  TTxc  df awTn^ " 
show  how  reinforcing  must  be  placed  if  the 
members  are  to  withstand  the  loads  they  must  carry. 
The  bars  are  supported  in  place  by  using  accessories 
such-as^beam  bolsters'*  and  "high  chairs"  which  are 
illustrated  in  figure  3^14.^These  supports  rest  upon 
the  bottom  of  forms  for  beams,  and  slabs  to  hold 
parallel  bars  the  proper  distance  apart  and  to  give 
the  proper  concrete  covering  over'steel.  Reinfordpg 
rods  and  stirrups  are  held  in  po;iition  by  the  use  qf 
wire  ties;  in  some  cases,  the  bars  may  be  '*tackcd** 
together  by  welding,  Bolsten  and  chairs  are  not 
shown  on  drawings,  but  their  use  is  indicated 
in  specifications  or  in  beam  and  slab  schedules. 

The  thickness  of  the  concrete  covering  over 
reinforcing  ban  depends  upon  the  position  and 
function  of  the  member.  Footings  and  other 
principal  structural  members  situated  against  the 
ground  should  have  at  kast  3  inches  of  concrete 
between  steel  and  ground.  If  the  concrete  surface  is 
exposed  to  the  weather,  such  as  the  exterior  face  of  a 
beam,  the  steel  should  have  2  inches  of  concrete 
cover.  This  may  be  reduced  to  li4  inches  for  interior 
beams  and  columns,  and  to  3/4  inch  f5r  interior 
slabs  and  interior  wall  surfaces. 

The  bar  bending  diagrams  in  figure  3^3  show 
that  bent  reinforcing  ban  are  overlapped  from  one 
slab  into  the  adjoining  slab.  However,  the  amount 
of  overlap  is  usually  determined  by  using  the 
relatipiDship  shown  in  the  bending  diagram  (fig  3- 
13y^ote  for  instance  that  the  reinforcing  steel  for 
the  beam  extends  beyond  the  column  by  one-fourth 
the  total  length  of  the  reinforcingmember.  A  similar 
proportion  is  used  for  the  overlap  in  joist.  This 
overlapping  is  done  to  provide  enough  bond  siuface 
at  the  beam  support  to  transmit  tension  stresses. 


2.  How  are  beams,  columns,  and  joists  indicated?    XntGH  CHMR-HC    COHVHMUS  HtSH  OiAiR-HC 


431.  State  the  reason  why  section  views  are 
necessary  for  ;^I:aa>«td  concrete  plans  and 
scfacdul^  and  sUte  the>ractices  for  specific 
requirements  in  a  section  view. 


Sections*  Section  views  are  necessary  to  show  the 
shape  of  memben  and  the  typical  arrangement  of 
reinforcing  steel.  Figture  3-13  shows  sections  taken 


SUB  BOLSTER-SB      BEAM  BOLSTER -BB 
Figure  3-14.  Reinforced  steel  tupporu. 
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This  arrangement  is  practical  at  interior  supports, 
but  at  end  supports  the  bar  must  be  hooked  as 

 ^hownJThc-hook  usually  has  aninside  radius  of  at 

least  3  bar  diameters  (the  radius  depending  upon 
bar  size),  and  it  should  hook  over  a  crossbar  to 
distribute  the  pull  on  the  concrete.  Ban,  when 
spliced,  a^i^^yned  by  lapping  the  bars  at  least  30  bar 
diameters..  The  bars  are  tied  (wired)  together  at 
*  thes^  laps  and  supported  by  slab  bobten. 
^  The  beam  and  joist  reinforcing  shown  in  figure  3- 
13  is  typical  of  standard  practice.  Beam  reinforcing 
consists  of  straight  bars,  bent  bars/and  stirrups.  The 
main  reinforcing,  consisting  of  the  straight  and  bent 
bifs,  is  placed  near  the  bottom  of  the  beam  to  resist 
u^nsile  stresses.  Compressive  stresses,  which  con- 
crete is  able  ^o  withstand,  occur  at  the  top  of  the 
beam  and  also  at  the  bottom  of  the  supported  ends. 
Straight  bars  in  the  bottom  of  the  beam  take  care  of 
this  compressive  stress.  It  is  not  necessary  to 
reinforce  for  compressive  loads  at  the  top  of  a  beam 
or  slab  except  where  the  concrete  is  thin.  Bent«up 
bars  resist  tensile  stress  at  the  top  oF  the  beam  over 
columns.  They  are  bent  up  to  fit  the  tension 
pattern — usually  at  one-fifth  points  of  the  length  of 

^      the  beam. 

Stirrtips  are  used  to  resist  shear  stress,  which  is 
maximum  at  the  supported  ends  of  a  beam  and 
decreases  toward  the  center  of  the  span.  Thestirrups 
are  passed  under  longitudinal  teilsion  bars  and  are 
hooked  over  top  stirrup  support  bars'  AU  bars, 
stirrups,  and  supports  are  wired  together  at 
frequent  intervals  so  that  they  will  hold  their 
position  .during  concrete  pouring  operations. 
Stirrups  are  not  usually  employed  in  joists  because 
of  the  narrow  joist  width.  In  extra  wide  beams,  t 
double  stirrup  or  a  W-shaped  stirrup  may  be  used. 
The  size,  amount,  and  placing  of  all  reinforcing 
must  be  determined  by  a  structural  engineer. 

The  schedules  shown  in  figure  3-13  give 
information  for  bending  steel.  However,  the  steel 
fabrication  would  be  required  to  prepare  a  bending 
diagram  complete  with  dimensions  for  each  type  of 
bar.  The  height  of  bent*up  bars  is  calculated  by 
subtracting  the  top  and  bottom  concrete  covers 
from  the  beam  depth.  The  length  of  the  sloping 
portion  is  fbund  by  trigonometric  calculations,  or  it 
may  be  taken  from  a  table  of  lengths.  Extra  length 
for  hooked  ends  must  be  added,  and  the  direction  of 
hooks  must  be  determined.  The  lenght  of  straight 
bars  is  usually  the  same  as  the  center-to-center 
distance  between  interior  columns.  At  an  exterior 
column,  the  end  of  a  straight  bar  is  hooked  and 
embedded  in  the  wall.  The  dimensions  for  stirrups 
are  obtained  by  subtracting  the  concrete  cover  from 
the  size  of  the  beam.  In  this  case,  3  inches  is 
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subtracted  from  thrbeam  width  and  depth.  Thus, 
for  a  14  X  24-inch  beam,  the  stirrup  inside 
dimensions  become-L1^21  inches.  The  covering 
over  stirrups  and  other  secondary  reinforcing  is,  * 
therefore,  reduced  by  the  diameter  of  the  stirrup 
rod.  The  direction  in  which  stirrup  hooks  arf  tp 
extend  must  be  determined  during  detailing.  Hooks 
are  usually  turned  outward  unless  it  results  in 
insufficient  protective  cover  over  this  bar.  Note  in 
figure  3-13  that  exterior  beam  stirrups  have  one 
hook  turned  inward. 

Slab  reinforcement  for  the  building  shown  in 
figure  3-13  consists  of  main  reinforcing  and 
temperature  reinforcing.  The  nmHM^s  run  parallel 
to  floor  joints,  and  the  temperattireWs  run  parallel 
to  the  long  dimension  of  the  slab.  Because  of 
differences  in  reinforcing,  each  slab  ^^j^tified  by 
the  letter  •*S'*  and  a  number.  A  partial  sla^^edule 
for  the  building  being  discussed  is  shown  in  figure^^^j^,^^ 
15.  For  lighter  floor  loads,  the  slab  may  be  thinnerr^^^^^j^,^™ 
and  wire  mesh  may  be  substituted  for  bar 
reinforcement.  In  thik  instance,  all  slab  reinforcing 
bars  are  straight  and  continuous,  with  bars 
terminating  in  exterior  beams  hooked  into  the 
beam. 

Exercbcs  (431): 

1.  Why  are  section  views  necessary? 


2.  How  do  you  indicate  usage  of  bolsters  and  chairs 
when  making  drawings  of  a  concrete  structure? 


3.  If  you  are  preparing  a  bar  bending  diagram  and 
the  bar  to  be  used  is  li/4-inch  in  diameter,  what 
dimension  should  you  show  for  the  inside  radius 
of  the  hook? 


432.  Identify  certain  terms  and  details  related  to 
drawing  columns  and  staircases. 

Stair  and  Cplunm  Details. Typical  column  details 
are  shown  in  figure  3-16.  The  columns  illustrated 
are  "lied  columns,**  consisting  of  vertical  reinforcing 
rods  held  together  at  intervals  by  horizontal  bars  or 
tics.  The  horizontal  ties  usually  have  a  minimum 
diameter  of  1/4  inch  and  vertical  spacing  of  about 
12  inches  or  the  least  column  diameter.  In  some 
cases  the  lateral  reinforcement  for  a  round  column 
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is  made^  of  coiled  wire  which  forms  a  long  spiral 
from  the  column  base  to  the  top*  Another  type  of 
column  is  the  composite  column  consisting  of  a 
structural  steel  column  encased  in  reinforce 
concrete.  Pipe  columns  consist  of  a  steel  pipe  filled 
with  concrete.  Interior  columns  are  usually  round  in 
section,  while  wall  columns  may  be  square, 
rectangular,  or  angular  as  required  by  the  wall 
arrangement. 

As  indicated  in  figure  3*16,  the  vertical  steel  bars 
are  spliced  by  lapping.  The  amount  of  lap  is 
determined  by  the  grade  and  size  of  steel  and  by  the 
strength. of  concrete  used.  Due  to  the  change  in 
column  size  at  the  second  story,  the  vertical  bars  are 
sloped  within  the  area  where  beams  and  slab  furnish 
lateral  support  to  the  column*  The  colunms  for  the 
building  shown  in  figure  3-13  are  set  on  round 
concrete  piers  having  enlarged  lower  ends  to 
distribute  the  load.  No  reinforcing  is  needed  in  the 
piers  since  they  are  large  enough  in  diameter  to 
withstand  compressive  stress  and  the  surrounding 
earth  provides  lateral  support.  Dowels,  which  are 
vertical  reinforcing  bars,  are  placed  at  the  top  of  the 
pier  to  anchor  the  colunm  base* 

Figure  3-16  also  shows  footing  details.  The 
reinforcement  consists  of  round  rods  laid  in  two 
directions  on  the  lower  or  tension  side  of  the 
footing,  with  both  ends  of  all  rods  hooked  to 
provide  anchors::*/ This  type  footing  is  4^ually 
nude  square  or  rectangular  with  a  flat  top  surface. 
In  some  insUnces,  the  top  surface  nuiy  be  sloped  or 
stepped  down,  leaving  the  thickest  concrete 
adjacent  to  the  column  base.  While  this  saves 
concrete,  the  expense  of  special  form  work  and 
additional  labor  must  be  considered. 


The  dimensions  and  reinforcing  for  columns, 
piers,  and  footings  are  usually  shown  in  schedules. 
Separate  schedules  for  each  may  be  prepared,  but 
where  sizes  and  other  factors  are  fairly  uniform, 
a  single^jchedule  will  be  sufficient  The  schedule 
shown  in  figure  3-16  gives  the  size  of  each  coliunn 
and  lists  the  amount  of  steel  to  be  used  in  each.  The 
top  dimension  in  each  block  gives  the  column  or 
pier  size.  The  second  number  is  the  number  of 
vertical  bars;  for  example,  4 — #10.  The  last  entry  at 
the  bottom  of  the  block  gives  the  number,  size, 
spacing,  and  outside  dimensions  for  lateral  ties. 
Details  and  sections  should  always  clearly  illustrate 
the  arrangement  of  reinforcing  so  that  schedules 
may  be  easily  interpreted. 

In  stair  construction,  a  riser  is  the  vertical  face  of 
a  step,  and  the  tread  is  the  horizontal  face.  The  rise 
of  a  stairway  is  the  total  height  from  floor  to  floor  or 
the  height  fronfa  floor  to  an  intermediate  platform. 
The  run  is  the  horizontal  length  of  the  stairway.  The 
-  stairway  shown  in  figure  3-17,  is  divided  into  two 
short  runs  by  a  platform.  Thus,  two  stairways  are 
used  to  accomplish  the  total  rise  between  floors,  and 
a  long  straightTim  stairway  is  avoided.  The  stair 
^tower  is  inclosed  by  fireproof  walk  and  doors  to 
|u:avide  a  fairly  safe  exit. 

Stairs  of  the  type  illustrated  are  called  standard 
stairs,  arSll  they  are  intended  for  constant  and 
everyday  use*  Hence,  a  practical  tread  to  riser  ratio 
is  chosen  for  case  in  climbing.  A  good  ratio  is 
provided  by  using  the  formula: 


Tread  +  (riser  x  2) »  24  or  23 
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Treads  for  standard  stain  are  rarely  nude  less  than 
9  inches  or  more  than  12  inches  wide^  and  risers 


between  6  Va  and  7  %  inches  are  most  suitable.  To^ 
determine  riser  height,  divide  the  total  sturway  nse 
by  a  riser  height  which  is  within  the  desirable  range. 
If  the  quotient  is  uneven,  divide  the  rise  by  the  next 
nearest  even  number  above  or  below  the  quotient. 
In  figure  3-17,  the  total  rise  from  furst  to  second; 
floor  is  13  feet  6  inches.  A  riser  of  7  inches  is  selected 
as  a  trial  riser. 


2.  Where  are  the  dimensions  and  reinforcing  for 
columns  usually  shown?  


IB'fi*  divided  by  7' «         «  23 'A  (risen) 


Then  divide  162  indies  by  the  qext  nearest  even 
number,  which  is  24. 


162* 
24 


'  6.75'  (riser  height) 


By  the  formula  above,  a  10  1/2-inch  tread  is 
selected.  A  tread  oi  WA  inches  could  have  been 
used,  but  a  narrower  tread  is  chosen  in  order  to 
have'  shorter  runs  and  to  provide  room  for  the 
intermediate  platform.  ^ 

Main  reinforcing  rods  for  the  sUir  slab  are  placed 
near  the  bottom  of  the  slab  and  run  longitudinally. 
The  bars  are  bent  into  adjacent  floor  slabs  and 
beams  in  oider  to  get  good  support.  Cross 
reinforcement  consisting  of  short  bars  is  placed 
under  each  riser.  The  suirs  and  platform  are  usually 
poured  monolithically.  A  welded  pipe  railing 
installed  on  the  open  side  of  each  stairway  hfis  its 
vertical  supports  anchored  in  the  concrete.  A  pipe 
handrail  is  attached  to  the  wall  side  of  each  stairway 
by  means  of  brackets  and  anchor  bolts. 

After  the  stair  slab  has  hardened  and  the  forms 
are  removed,  a  bonded  cement  flnish  is  applied,  as 
indicated  in  figure  3*17.  The  flnished  cement  surface 
is  troweled  smooth  to  provide  a  neat,  good*wearing 
surface.  Safety  nosing,  consisting  of  formed  metal 
strips  with  abrasive  chips  imbedded  in  the  exposed 
surface,  is  installed  on  each  tread.  The  nosing  is 
fastened  by  screws  which  fit  into  anchors  set  in  the 
stair-slab. 

Exercises  (432): 

1.  Define  the  term  *^ied  columns.** 


3.  In  stair  construction,  what  is  the  rise?  A  riser? 


3-5.  Xrchtttctural  Drawings 

Architectural  drawings  may  be  divided  into  two 
general  classes:  preliminary  drawings,  which  consist 
of  design  sketches  and  drawings  for  display 
purposes,  and  work^g  drawings,  which  consist  of 
orthographic  views  giving  detailed  information 
necessary  for  actual  construction  of  the  building. 

In  architectural  practice,  design  is  the 
responsibility^  of  the  trained  professional.  In  large 
firms,  all  drawings  (with  the  exception  of  original 
design  sketches)  are*prepared  by  a  staff  of  expert 
draftsmen,  some  of  ,  whom  specialize  in  display 
drawings;  othen  specialiv  in  preparing  working 
drawings.  In  a. small  firm  where  only  one  or  two 
draftsmen  are  employed,  the  draftsmen  must  be 
able  to  prepare  all  types  of  drawings  and  in  many 
instances  do  a  portion  of  the  design  work* 

For  planning  and  construction  in  the  Air  Force, 
Headquarters  USAF  has  published  a  guide  (AF 
Manual  88-2,  Air  Force  Design  Monual  Definitive 
Designs  of  Air  Force  Structures)  which  contains 
^'definitive  designs**  for  specific  types  of  buildings. 
These  standard  designs,  prepared  by  professional 
lurhitects  according  to  established  construction 
criteria,  may  be  classed  as  preliminary  drawings. 
They  contain  very  little  information  which  could  be 
used  by  the  construction  workman.  However,  with 
these  designs  u  a  guide,  the  engineer  and  draftsman 
can  prepare  working  drawings  for  Air  Force 
buildings  such  as  mess  halls,  dormitories,  office, 
and  shops.  These  basic  designs  may  be  changed 
when  necessary  to  meet  local  conditions,  the 
designers  thus  being  allowed  to  produce  a  plan 
which  is  appx^opriate  to  the  site,  climate,  available 
building  materials,  and  other  conditions. 

From  the  foregoing  paragraphs,  we  can  see  that 
the  construction  of  a  building  is  described  by  a  set  of 
drawings  which  give  a  thorough  graphic  description 
of  each  part  of  the  operation.  Usually,  a  set  of  plans 
begins  by  showing  the  boundaries,  contours,  smd 
outstanding  features  of  the  construction  site. 
Succeeding  drawings  give  instructions  for  erecting 
the  foundation  and  superstructure;  installation  of 
lighting,  heating,  and  plumbing;  and  details  of 
construction  required  to  complete  the  building. 
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Although  these  drawings  are  prepared  in 
accordance  with  the  general  principles  of 
orthographic  projection,  they  differ  from  machine 
drawings  inr  certain  practices.  Therefore,  as  an 

.  approach  to  the  study  of  architectural  drawing,  let 
us  first  take  a  general  vicw  of  the  various  types  of 

.  drawings,  and  then  learn  some  "^architectural 
techniques**  before  attempting  to  prepare  working 
drawings. 

4 

433.  Give  the  bade  distinctions  and  important 
drafting  eonsideraticMis  for  selected  plaAs  needed 
for  a  worUnf  drawing* 

Types  of  Drawings.  The  working  drawings  of  a 
structure  are  presented  in  general  and  detail 
^drawings*  General  drawings  consist  of  plans  and 
,  elevations;  detail  draw^g?  are  made  up  of  sectional 
and  detail  views.  Smce  it  is  the  purpose  of  working 
drawings  to  be  exact  about  shape  and  size,  all 
working  drawings  are  third  angle  orthographic 
projections.  In  some  instances,  an  isometric  detail 
drawing  may  be  included  to  show  how  parts  look 
when  they  are  assembled. 

In  architectural  drawing,  '*plan**  views  are 
obtained  looking  down  pn  the  objecfwith  a  vertical 
line  of  sight.  Plan  views  correspond  to  top  views  and 
involve  only  horizontal  dimensions  of  width  and 
_  depth.  Any  view  involving  vertical  dimensions  is  an 
^elevation."  This  could  be  a  front  view,  side  view,  or 
any  other  elevation  view.  Different  elevations  are 
indicated  as  front,  right,  etc.,  or  according  to  the 
.  direction  from  which  the  view  is  taken;  e.g.,  north 
elevation* 

Because  of  the  size  of  the  object  being 
represented,  different  scales  are'used  for  general  and 
detail  dmwings.  In  general,  plan  views  and  elevation 
views  are  drawn  on  separate  sheets  in  order  to  make 
the  view  large  enough  for  practical  use.  Detail 
views,  drawn  to  a  larger  scale,  furnish  information 
not  provided  on  general  views.  They  are 
strategicaUy  placed  on  main  vievys  and  on 
additional  sheets  as  needed  to  give  the  mechanic  on 
the  job  a  complete  picture. 

Plot  plan.  A  plot  plan  (fig.  3-18)  or  site  plan 
shows  the  boundaries  of  the  construction  site  and 
the  location  of  the  building  in  relation  to  the 
boundaries.  It  also  shows  roads  and  walks  and 
locates  utility  lines,  such  as  sewer,  water,  gas,  etc.  A 
piot  plan  may  also  show  the  ground  contour.  These 
^  plans  are  drawn  to  scale  from  sketches  and  notes 
based  on  a  survey  of  the  area.  By  locating  the 
comen  of  the  building  at  specific  distances  from 
established  reference  points,  the  plot  plan  gives  the 
builder  a  definite  starting  point.  Since  the  plot  plan 


-is  a  location.plan,  it  must  have  an  arrow  indicatm 
the  north  direction.  This  plan,  like  all  others  in  the 
set,  contains  a  standard  title  block  in  the  lower 
righthand  comer.  (See  figure  3-19  and  table  1  for  the 
proper  way  to  fill  out  the  title  block  and  the 
continuation  sheet)  You  will  note  that  the 
information  to  be  placed  on  the  continuation  sheet 
is  the  same  as  the  information  contained  in  blocks 
F;  G,  H,  J,  K,  and  L  of  the  title  block. 

Foundation  plan.  The  foundation  is  the  starting 
point  in  the  actual  construction,  and  a  completely 
dimensioned  plan  is  furnished  except  for  very 
simple  buildings.  Figure  3-20  shows  a  concrete  slab 
foundation  which  has  warm  air  ducts  imbedded  in 
the  slab.  When  a  "^post  and  wall"*  type  foundation  is 
used,  the  foundation  plan  may  be  combined  with  a 
floor  framing  plan,  as  shown  in  figure  3«21. 

Framing  plans.  Framing  plans  show  the  size, 
number,  and  location  of  structural  members  which 
form  the  building  framework.  Separate  framing 
plans  may  be  drawn  for  floors,  walls,  and  roof.  As 
shown  in  figure  3-21,  a  floor  framing  plan  specifies 
the  size  and  spacing  of  joists,  girders,  and  colimms 
used  to  support  the  floor.  Detail  views  are  usualfy 
added  to  show  the  methods  of  anchoring  joists  and 
girders  to  the  foundation.  Wall  framing  plans  show 


TABLE  3-1 

INFORMATION  CONTAINED  IN  EACH  BLOCK  OF 
THE  TITLE  BLOCK 


Biock    <  .information  in  Each  Block 

A  Preparation,  checking,  approval,  and  date  of 

^     the  drawing 

B  Title  of  the  drawing 

C  Name  and  address  of  the  design  activity 

D  Approval  of  the  design  activity 

E  Approval  by  an  activity  other  than  the  de- 

sign activity 

F  Code  identification  number  of  the  design  ac* 

tivity 

G  Letter  size  of  the  drawing 

H  Drawing  number 

J  Scale  used  for  the  drawing 

K  .  Optional.  May  be  used  to  record  the  actual 
or  calculated  weight  of  the  object,  reference 
to  specificat^ns,  etc. 

L  /  Sheet  nUtnber  of  bookform  and  multisheet 
drawings 
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^thc^sttiTand  location  of  wall  openings,  ceilings 
height,  and  other  details.  Roof  framing  plans  (s^ 
fig.  3-22)  show  the  construction  of  the  rafters  or 
trusses  used  to  span  the  building  and  support  the 
roof. 

•  Floor  plan.  A  floor  plan  is  a  cross-sectional  view 
of  the  building.  This  view  is  obtained  by  assuming 
that  a  horizontal  cutting  plane  is  passed  through  the 
building  in  such  a  manner  that  it  cuts  through  all  ^ 
walls,  doors,  and  windows.  If  the  building  has  more 
than  one  floor,  a  floor  plan  for  each  flo6r  is  drawn. 
As  you  can  see  by  studying  figure  3*23,  the  floor 
plan  shows  the  outside  shape  of  the  house;  the 
arrangement  and  size  of  rooms;  the  type  of  material; 
and  the  type,  ^ize,  and  location  of  doors  and 
windows.  In  addition  it  shows  heating,  lighting,  and 
plumbing  fixtures. 

Floor  plans  are  usually  drawn  to  a  small  scale 
such  as  =  VOr  or  1  '(T.  For  this  reason, 
conventional  symbols  are  used  to  indicate  fixtures 
and  materials.  For  coniplex  structures,  it  may  be 


necessary  to  draw  separate  utilities  plans  to  show 
electrical,  heating,  and  plumbing  layouts.  In  regard 
to  this,  figure  3-23  is  not  a  complete  plan  since  it 
does  not  show  all  features  which  are  usually  shown 
pn  the  floor  plan  for  a  house  of  similar  size.  These 
items  were  omitted  to  simplify  the  illustration. 

A  floor  plan  sheet  may  also  contain  details  of 
construction  although  these  are  generally  presented 
on  a  separate  sheet.  An  examination  of  figure  3-23 
shows  the  need  for  detail  drawings  which  point  out 
how  to  construct  cabinets,  closets,  lavatories, 
shelves,  walls,  ceilings,  and  other  parts  of  the  house. 
When  a  detail  drawing  is  furnished  to  show  a 
particular  construction,  a  reference  is  noted  on  the 
floor  plan.  Also  shown  on  figure  3-23  are 
**schedules**  for  doors  and  windows.  A  schedule  is  a 
method  of  presenting  notes  and  other  construction 
data  in  the  form  of  a  table.  A  door  schedule^  sp^ifies 
the  type,  size,  description,  and  location  of  each 
door;  a  window  schedule  gives  the  same 
Information  for  windows.  Since  all  information 
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Figure  3-2L  Floor  framing  plan, 


cannot  be  presented  graphically,  we  must  make 
extensive  use  of  notes.  These  notes  are  a  vital  part  of 
every  construction  drawing,  and  it  is  important  that 
you  word  all  notes  carefully.  There  will  be  general 
notes  peruining  to  the  entire  set  of  plans  and  also 
local  notes  that  are  important  only  to  certain  sheets' 
or  to  certain  parts  of  th^  drawing. 

Efevanonj.. Elevations  arc  exterior  views  of  a 
structure,  and  they  may  be  taken  from  the  front, 
rear,  right,  or  left  side.\Being  projections  on  a 
vertical  plane,  they  show  t  picturelike  view  of  the 
structure  as  it  actually  is  add  not  as  it  would  appear 
to  the  eye.  Exterior  matenals/ the  height  of  doors, 
windows,  and  rooms,  and  the  surrounding  ground 
level  can  be  shown  in  elevation  views.  On  the 
elevation  view  for  a  single^tory-building.  the  floor 
level  is  located  in  reference  to  the  surrounding 
ground  level  or  '•grade."  Additional  floors  above  the 
first  floor  arc  located  by  dimensioning  between 
finished  floor  surfaces.  If  the  sides  of  a  building  arc 
not  identical,  an  elevation  for  each  side  piust  be 
drawn.  Note  that  the  dimensions  given  infigure  3-24 


are  practically  limited  to  vertical  .measurements. 
Horizontal  dimensions  may  be  placed  on  an 
elevation  view  if  it  is  not  possible  to  show  them  to 
better  advantage  on  a  plan  view. 

Since  plan  and  elevation  views  cannot  be  drawn 
as  related  views  on  one  sheet  (except  for  small" 
structures),  the  architectural  draftsman  must  make 
scaled  measurements  to  draw  each  view.  Ho^^^ver,  a 
completed  plai^^view  may  be  taped  in  the  proper 
position  owyihc  drawing  table,  and  the  main 
dimensiinwand  doorand  window  locations  may  be 
project^  to  an  elevation  sheet. 

Elevation  views  can  be  made  more  lU^ike  by. 
accenting  certain  lines  and  adding  straigfit  lin^i  to 
represent  the  type  of  material  used  on  the  exterior. 
Lines  which  may  be  accented  are  window,  door, 
roof,  and  building  outline  lines.  In  accenting  these 
lines,  you  must  assume  that  light  is  coming  from  a 
certain  direction  and  that  accented  lines  represent 
areas  which  are  shaded.  The  use  of  straight  linw  to 
suggest  the  texture  of  the  exterior  materials  is  a 
form  of  architectural  "rendering.**  Rendering,  as 


Figure  3-24.  Elevstiont. 
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applied  to  architectural  drawing,  is  the  use  of  pencil, 
ink,  water  color,  or  a  combination  of  these  to  depict 
a  structure  and  bring  out  its  form  and'shape.  Since 
\elevation  views  arc  primarily  working  drawings, 
you  can  see  why  straight  line  rendering  and  line 
accenting  should  be  held  to  a  minimum— subdue  it; 
don't  overdo  it!  Figure  3-24  has  what  is  considered 
the  •*usual  treatment-  for  elevation  working 
drawings,  A  foreground  in  parallel  perspective  is  all 
^^exua**  to  give  a  fealistic  touch,  but  in  using  this 
technique  you  should  avoid  covering  up  important 
details. 

Exercises  (433): 

1 .  How  does  the  builder  locate  a  starting  point  by 
looking  at  a  plot  plan? 


2.  What   is   the   starting  point   for  actual 
constniction? 


3.  What  is  a  floor  plan? 


4.  What  is  an  elevatioj 
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434,  List  the  distinctive  features  of  detail  drawingSt 
four  detail  sections  usually  ahownt  two  possible 
projections'  for  exterior  detail  views,  and  the  usual 
source  for  details  of  prefkbricated  units. 

Sections  and  Details.  In  architectural  drawing, 
the  words  **section**  and  **detail**  are  practically 
synonymous.  However,  no  view  should  be  called  a  , 
detail  unless  it  is  drawn  to  an  enlarged  scale  to  show 
construction  'features  more  clearly.  Figure  3-25 
illustrates  the  difference  between  a  **section''  view 
and  a  '^detail  section."  The  detail  sections  show 
parts  of  the  structure  with  greater  exactness  than  the 
small-scale  section  taken  thro'ugh  the  house.  When 
the  cutting  plane  cuts  across  the  narrow  part  of  a 
building,  the  view  is  called  h  transverse  section. 
Section  views  taken  lengthwise  of  the  buijding  are 
called  tongitudinal  sections.  Detail  sections  which 
Ure'usually  shown  arr  foundation,  wall,  dobr  and 
window  sections,  and  any  other  section  which  is 
considered  necessary  to  explain  the  construction. 
Ail  cut  parts  shown  in  section  are  crosshatched  to 
indicate  the  type  of  material  used.  Visible  lines 
behind  the  cutting  plane  are  shown,  and  hidden 
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lines  are  used  sparingly  if  alall.  Standard  forms  of 
symbolic  crosshatching  are  generally  recognized  by 
those  who  are  familiar  with  building  plans  and 
construction.  These  conventional  symbols  will  be 
further  explain^  as  we  study  the  materials  and, 
methods  of  construction. 

Exterior  detail  views,  Hke  detail  sections,  are 
large-scale  drawings  designed  to  show  features 
which  are  too  small  or  too  complex  to  be  shown  in 
other  views.  They  are  usually  developed  in 
'  orthographic  projcction/but  a  pictorial  projection 
may  be  used  if  it  shows  the  construction  to  a  better^ 
advanUgc.  If  you  study  figure  3-23,  you  can  sec  that 
there  are  many  parts  of  the  constniction  which  need 
additional  explanation  and  that  a  set  of  plans  would 
not  be  complete  without  a  few  large-scale  detail 
drawings  to  show  how  these  parts  are  to  be  built. 
Several  detail  drawings  appear  on  figure  3-26. 
However,  several  more  detail  sheets  would  be 
required  to  complete  this  set  of  plans.  Important 
parts  of  detail  and  section  views  are  the  notes  and 
dimensions  to  show  the  size  of  materials  and  the* 
placement  of  parts  in  relation  to  each  other. 

The  task  of  detailing  certain  parts  of  a  structure  is 
made  easier  by  the  fact  thW  prefabricated  or 
preconstructed  units  are  inte^ted  in  the  design. 
For  example,  the  architect  obtains  ^cd  detail 
drawings  and  technical  dau  for  doors,  windows, 
heating  and  cooling  units,  cabinets,  plumbing 
equipment,  ,and  many  other  products.  This 
information  is  furnished  by  the  manufacturer,  and  a 
progressive  architectural  office  maintains  an  up-to- 
date  reference  file  of  manufacturen'  catalogs  and 
manuals.  When  these  s^stock"  units  are  used  in  a 
building,  the  working  'detail  drawings  show  how  to 
**framc"  the  structure  so  that  the  windows,  doors, 
and  other  shop-made  assemblies  can  be  installed. 
Schedules  and  written  specifications  complete  the 
information  and  permit  the  contractor  and  . 
workman  to  build  the  structure  to  the  satisfaction  of 
both'  designer  and  owner. 

Exercises  (434): 

1 .  When  should  a  drawing  be  labeled  "detail"? 


2.  What  are  the  four  detail  sections  usually  shojvn? 


3.  What  are  the  two  possible  projections  used  for  ^ 
ekkiioT  detail  views? 
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Figure  3-25.  Section*. 


4.  What  is  ihc   usual  source  for  details  of 
prefabricated  units? 


435.  Give  the  techniques,  or  factors  determining 
certain  techniques  pertainhitto  particular  letterini 
and  dimensioninK  situations. 

DrawinK  Technique.  The  views  used  to  illustrate 
the  types  of  architectural  drawings  may  seem 
complex  for  the  beginner.  However,  they  show  how 
the  architectural  draftsman's  technique  gives  a 
distinctive  character  to  the  drawin§^This  is  due  to 
varying  the  line  weights,  overrunning  lines  at 
comer,  and  using  freehand  lines  and  dimensioning 
techniques.  Even  though  there  is  greater  freedom  in 
architectural  expression,  there  is  no  sacrifice  of 
accuracy.  As  the  next  step  is  our  study,  let  us 
examine  the  figures  from  the  standpoint  of  the 
architectural  drawing  techniques  used. 


Lettering  Lettering  style  shall  be  single^lroke 
uppercase,  commercial  Gothic,  except  when 
typewritten  characters  are  used.  Either  inclined 
lettering  or  vertical  lettering  mayTRTused;  however, 
only  one  style  should  appear  in  a  single  drawing. 
Normally,  lowercase  lelten  arc  used  on 
construction  drawings.  The  exception  to  using 
lowercase  lettering  is  for  titles,  where  uppercase 
lettering  is  normally  used.  If  typewritten  ch^actcrs 
can  be  used,  this  method  is  perhaps  the  most 
acceptable  because  it  is  normally  faster.  Where 
available,  typing  should  be  done  in  Varitype  Gothic; 
second  choice  for  type  style  would  be  Bodoni  or 
book  types. 

The  method  of  lettering  on  drawings  may  be 
freehand  or  by  means  of  template,  typewriter,  or  a 
lettering  machine  (typewriter  is  quite  ofteji  the  most 
acceptable^  as  previously  indicated).  Regardless  of 
the  particular  method  used,  all  lines  of  the  lettering 
must  be  sufficiently  opaquc^o-be  legible  in  full  size 

107 

34 -i 


ERIC 


33r 


or  reduced  size  copy  by  any  generally  accepted 
method  of  reproduction.  Lettering  may  be 
underlined,  but  thif  is  normally  done  only  when 
particular  emphasis  b  desired. 

The  division  sign  of  a  common  fraction  is 
drawn  parallel  to  the  direction  in  which,  the 
dimension  reads.  However,  when  such  fractions  are 
included  in  typewritten  notes,  tables,  lists,  etc.,  a 
diagonal  line  may  be  used. 

The  size  of  lettering  and  the  line  spacing  used  on  a 
drawing  are  controlled  by  the  size  of  the  object  to  be 
shown  in  relation  to  the  size  of  the  drawing  paper, 
the  amount  of  (Jctail  to  be  shown,  whether  the 
drawing  will  be  reduced  when  reproduced,  and  on 
the  amount  of  reduction  which  will  be  used.  The 
modem  procedure  of  reducing  drawings  to  small 
size  (to  save  storage  space)  and  then  reproducing  the 
drawings  in  their  original  size  limits  the  minimum 
size  of  lettering  and  the  line  spacing  which  may  be 


used  and  still  maintain  legibility.  It  is  recommended 
that  the  minimum  size  of  lettering  after  reduction  be 
not  less  than  3/ 64".  In  the  absence  of  factors  making 
larger  lettering  desirable,  the  recommendations  for 
size  of  lettering  for  drawings  up  to  17'  x  22"  are  as 
follows:  title— 3/16",  subtitle— 5/32",  letters  and 
figures  for  body  of  drawing— 1  /  8",  and  fractions  or 
tolerances— 3/32".  For  larger  drawings,  the  sizes  of 
lettering  should  also  be  governed  by  the 
considerations  set  forth  in  the  first  part  of  this 
paragraph.  When  commercial  lettering  guides  are 
used,  appropriate  sizes  should  be  used.  The  regular 
line  spacing  of  typewriters  and  other  lettering 
machines  is  acceptable,  provided  that  nothing 
^  smaller  than  standard  pica  type  should  be  used.. 

Dimensioning,  Dimension  lines  on  architectural 
drawings  are  unbroken  between  extension  lines, 
and  dimensions  are  given  in  feet  and  inches.  Since 
there  are  numerous  **in-line*'  dimensions  on 
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architectural  drawings,  a  continuous  line  is  easier 
and  faster  to  make  and  ^leaves  less  chance  for 
mistakes  in  reading.^  The  numerals  are  placed 
slightly  above  the  dimension  line.  Ail  horizontal 
dimensions  and  all  dimension  notes  are  placed  pn 
the  drawing  so  that  they  are  read  from  the  bottom  of 
the  sheet.  Vertical  and  angular  dimensions  may  be 
placed  so  that  they  can  be  read  from  either  the 
bottom  or  righthand  side  of  the  drawing.  Where 
there  is  plenty  of  space  on  the  sheet,  the  first 
dimension  line  (nearest  the  building  outline)  should 
be  about  an  inch  away  from  the  wall  line.  Spacing 
between  dimension  lines  varies,  depending  upon  the 
scale,  lettering  height,  and  available  space.  The 
main  requirement  is  that  dimensions  must  be  clear, 
definite,  and  unmbtakable.  For  example,  when 
lettering  size  b  1/8^  the  space  between  successive 
dimension  lines  should  not  be  less  than  112".  When 
you  are  forced  to  place  dimension  lines  closer 
together,  you  should  stagger  dimension  figures  to 
avoid  crowding.  Be  sure  to  place  the  numerals  close 
to  the  line  to  which  they  refer— about  one-half  the 
numeral  height  above  the  line. 

Rgure  3*27  shows  correct  methods  for  specifying 
fractions,  inches,  feet,  and  combinations  of  these  on 
drawings*  In  dimensioning  views,  the  following 
points  are  important: 

a.  Keep  outside  dimension  lines  a  good  distance 
from  building  lines.  The  outermost  dimension  line 
should  give  the  overall  size. 

b.  Dimension  to  the  centerline  of  window  and 
door  openings  and  partition  walls.  Place  interior 
dimension  in  a  **string*'  to  span  the  width  of  the 
building. 

c.  Locate  columns  by  coordinate  dimensions  to 
the  column  centerlines. 

d  When  required  by  the  materials  or  methods  of 
construction,  locate  wall  openings  by  dimensioning 
up  the  side  of  the  opening;  then  give  the  distance 
across  the  opening. 

The  above  practices  are  general  You  must 
realize,  however,  that  your  dimensioning  of  any 
drawing  is  governed  by  knowledge  of  construction 
procedure.  It  b  only  by  experience  that  you  can 
learn  what  to  dimension  and  how  to  place  the 
dimensions  on  the  drawing.  In  machine  drawings, 
dimensions  express  accuracy  within  thousandths  of 
an  inch.  Dimensioning  for  construction  does  not 
involve  such  fme  measurements,  but  dimensions 
must  be  sufficiently  accurate  for  the  type  work 
involved.  Dimensions  must  always  check  and  add 
up  correctly  with  one  another  from  place  to  place 
and  from  one  view  to  the  next. 

Generally,  the  sizes  of  common  building 
materials  are, not  uniformly  accurate  enough  to 


allow  dimensioning  to  the  edge  of  the  material.  This 
difficulty  is  overcome  by  giving  ccnter-to-^center 
dimensions  for  doors,  windows,  interior  walls,  etc. 
This  type  dimensioning  allows  for  variation  in  size, 
and  it  also  allows  the  designer  or  builder  to  make 
necessary  adjustments  without  redrawing  the  plans. 
For  example,  if  the  specifications  call  for  4"  x  4" 
wood  columns  forthe  building  shown  in  figure  3-27, 
these  could  be  changed  to  6"  x  6"  size  or  another 
material  could  be  used  without  altering  the  location 
dimensions.  Window  and  door  sizes  may  also  be 
changed,  but  any  change  must  be  made  with  careful 
consideration  of  other  facton  such  as  cost, 
appearance,  usefulness,  and  structural 
practicability. 

Dimensions  in  section  and  detail  views  are  given 
to  working  points  and  are  not  repeated.  A  great 
many  sizes  and  locations  are  dimensioned  by  means 
of  notes  which  also  name  the  part.  Dimensions  for 
ceiling  height  above  the  finished  floor  are 
determined  by  the  design.  Diimensions  for  doors 
and  windows  are  obuined  from  design  sketches  or 
by  reference  to  a  manufacturer's  catalog.  The  best 
way  to  dimension  detail  views  is  to  make  a  list  of 
questions  which  the  workman  might  ask. 
Dimensions  are  then  selected  to- furnish  answers 
which  give  necessary  information  for  construction. 

Exercises  (435): 

1.  What  factor  mainly  determines  the  size  of 
lettering  to  be  used  on  a  drawing? 


2.  Why  is  a  continuous  dimension  line  used  on 
architectural  drawings? 


3.  To  what  point  on  a  partition  wall  should  you 
usually  dimension? 


436.  Identify  the  drawing  scales  used  in 
architectural  drawing  and  list  three  general 
considerations  and,  for  designated  situations,  the 
specific  practices  for  drawing  scales. 

Drawing  Scales.The  architect  scale  is  an 
'^equation'*  scale.  The  relationship  of  the  drawn 
figure  to  the  true  size  of  the  structure  is  expressed  as 
an  eqiwtion;  for  example,  3"  =  IIT,  =  I'D",  etc. 
This  type  of  scale  is  generally  used  for  drawings 
where  dimensions  are  expressed  in  feet  and  inches. 
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There  is  a  full-size  scale  and  iO  redu^g  sjcales  on 
the  triangular  architect  scale.  To  determii^  which 
scale  to  use  for  a  drawing,  you  must  consider  the 
following:  the  size  of  the  object,  the  size  of  the 
drawing  paper,  and  the  desire  to  show  details 
clearly.  The  size  of  the  paper  is  important  because 
working  drawings  must  be  convenient  to  handle  on 
the  job.  There  must  also  be  space  for  dimensions 
and  notes.  The  clearness  of  the  drawing  is  perhaps 


use  a  scale  smaller,  than  l/4^  a  larger  size  sheet 
should  be  used.  This  would  provide  space  for  the 
view  which  would  span  30"  of  space  when  drawn  to 
the  1/4*  scale.  The  fmbhed  sheet  sizes  for 
construction  drawings  are  shown  in  figure  3»28. 
This  figure  is  reproduced  from  Mil— Std— 2B, 
Format  for  Construction  Drawings,  and  these  sizes 
correspond  to  standard  sizes  in  commercial  use. 
After  a  view  is  drawn,  dimensioned,  and  given  a 


the  most  important  consideratioov  since  a  smaU  title,  the  scale  to  which  it  is  drawn  must  be  noted  in 
scale  will  not  show  details  clearly.  For  exampl/  the  proper  place.  Until  you  dp  this,  the  drawing  is 
supposethatthesizeofthepaperisirx)^''andtlfc  not  complete-  As  a  rule,  the  scale  indication  is 
overall  length  of  the  building  is  120'.  Rather  than^-^placed  directly  under  the  title  of  the  view,  whether  it 
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is  a  main  view  or  a  detail  view.  If  the  reader  knows 
the  scale,  he  may  \x$c  the  same  scale  to  find  missing 
dimensions.  The  missing  dimensions  can  also  be 
found  by  measuring  the'distancc  with  a  full  scale 
and  dividing  by  the  given  scale.  However,  these 
methods  apply  only  to  drawings  which  are 
reproduced  to  the  same  size  as  the  original  drawing. 

If  a  drawing  as  to  be  reduced  or  enlarged,  a 
graphic  s^^e  should  be  placed  on  the  sheet.  Graphic 
scales,  as  shown  on  figure  3-23  and  3-24,  are  actual 
measuring  scales  which  can  be  used  to  determine' 
approximate  sizes  of  objects  shown  on  reduced  or 
cnlargcdjgrints.  The  greatest  advantage  with  this 
kind  of  scale  is  that  the  drawing  and  its  scale  are 
proportionally  enlarged  or  reduced  together. 
Approximate  dimensions  can  then  be  determined 
by  using  dividers  lo  scale  the  drawing.  These  scales 
are  not  intended  to  be  used  as  a  means  of  obtaining 
accurate  dimensions. 

Graphic  ^es  arc  generally  placed  on  drawings 
where  complete  dimensions  are  not  required,  such 
as  display  drawings  and  preliminary  drawings. 
Equation  scales  are  usually  placed  directly  under 
the  views  to  which  they  apply,  and  the 
^corresponding  graphic  scale  .is  placed  below  the 
equation  scale. 

When  no  scale  is  used  on  a  drawing,  the  notation 
•^NG  SCALE^  is  placed  under  the  view.  When  a 
dimension  is  not  to  scale,  the  abbreviation  "NTS"  is 
placed  above  or  below  the  diiQAIision  affected. 

To  construct  a  graphic  scale  for  construction 
drawings,  you  must  first  undentand  how  the  scale 
functions.  The  scale  is  usually  divided  into  two  parts 
(see  fig,  3-29).  The  part  to  the  right  of  the  zero  mark 
is  marked  off  in  units  representing  one  or  more  feet, 
or  fractions  of  1  foot.  This  part  of  the  scale  is  called 
the  primary  scale.  The  part  to  the  left  of  the  zero 
mark,  called  the  extension  scale,  is  marked  off  in 
fractions  of  one  primary  unit!  The  number  of  small 
divisions  to  place  in  the  extension  is  determined  by 
the  size  of  the  scale. 

When  you  make  a  drawing  to  a  very  small  scale, 
you  will  find  it  difficult  to  represent  fractions  of  an 
inch,  and  tfie  general  rule  is  to  disregard  fractions 
when  laying  out  a  distance  on  one  of  the  smaller 
scales.  The  drawing  may  be  a  fraction  of  an  inch 
inaccurate,  but  since  the  written  dimensions  are 
always  followed  by  the  worker,  no  damage  is  done. . 
For  example,  a  arawmg  made  to  Vi""-  I'CT  scale  can 
be  accurate  only  within  2^  Each  small  division  on 
the  Vi"  scale  represents  2*,  and  since  iht  lines  are  so 
close  together,  it  is  impossible  to  show  fractions  of 
an  inch.  On  larger  scales,  such  as  3*=  1  IT,  fractions 
of  an  inch  can  be  shown  more  accurately.  You 
should  practice  using  all  of  the  cqtiation  scales  until 


you  become  skilled  in  their  use.  The  same  principle 
is  involved  in  using  c4ch  one,  and  the  amount  of 
drawing  accuracy  is  determined  by  your  skill  and 
the  Habit  of  checking  all  work  carefully. 

Exercises  (436): 

1 .  What  type  of  scale  is  an  architect  scale,  and  how 
are  dimensions  usually  expressed? 


2.  What  are  the  two  paru  of  a  graphic  scale? 


3.  What  are  three  things  you  should  consider  to 
determine  the  scale  for  a  drawing? 


4.  Where,  in  relation  to  a  view,  are  equation  scales 
and  graphic  scales  placed  on  a  drawing? 


3^6.  Detail  Vi«wt 

The  best  way  for  the  beginner  to  acquire  skill  in 
architectural  drawing  is  to  trace  or  copy  completed 
plans.  By  following  this  practice  you  soon  learn  the 
correct  use  of  symbols,  dimensions,  and  notes,  and 
you  develop  skill  in  lettering  and  line  work.  A 
completed  drawing  may  look  very  complicated,  but 
if  it  is  broken  down  and  analyzed  according  to  the 
steps  of  construction,  it  becomes  much  clearer.  The 
step-by-step  procedures  suggested  in  this  section  are 
designed  to  simplify  or  speed  up  the  task  of  laying 
lout  and  completing  working  drawings.  You  may 
find  it  necessary  to  modify  these  basic  steps  to  suita 
specific  job.  The  important  thing  is  that  you  develop 
a  systematic  procedure  for  making  working 
drawings.  Systematic  procedure,  like  skill  in 
lettering  and  line  work,  is  part  of  your  individual 
drafting  tectmique.  When  you  have  developed  these 
abilities  by  copying  existing  drawings,  you  are  ready 
to  create  working  drawings  from  rough  sketches 
and  otheTvSOurces  of  information. 

The  following  sections  discuss  the  methods  used 
for  drawing  plan,  elevation,  and  detail  views, 
will  take  you  step  by  step  through  the  procedure 
used  in  constructing  each  of  the  three  types  of 
working  drawings.  After  you  have  studied  j^ach 
procedure,  you  should  make  reproductions  of  each 
drawing  to  increase  your  proficiency  in  this  area. 
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The  steps  in  each  i:frocedure  are,  as  nearly  as 
possible,  laid  out  and  built  up  much  the  same  as 
actual  construction  is  carried  out  on  the  job. 

437.  Give  certain  procedures,  or  purposes  of 
certain  procedures,  used  in  tiie  preparation  of  floor 
plans. 

Drawing  a  Floor  Plan.To  illustrate  the 
procedure  for  drawing  a  floor  plan,  you  must  follow 
the  steps  described  here  and  shown  in  figures  3-30 
and  3-31 .  Note  that  the  overall  size  of  the  house  is 
25'  X  3(y.  When  drawn  to  the  scale  =  I'CT,  the 
plan  will  measure  6  V**"  x  7  ^/i"  on  the  drawing  sheet. 
However,  you  must  also  have  space  for  dimensions, 
general  notes,  schedules,  and  title  block.  Therefore, 
you  will  need  an  1 1'  x  17'  sheet  for  the  Job.  In 
following  the  steps  below,  be  sure  to  draw  the  entire 
plan  in  light  lines.  When  it  is  completed  and 
checked,  you  can  go  over  the  lines  to  darken  them 
and  bring  them  to  the  correct  weight  as  indicated 
below: 

•  Heavy:  Border  lines,  title  block  lines,  cutting 
plane  lines. 

•  Medium  Heavy:  Main  outline  lines  of  the 
house,  such  as  wall  and  roof  outlines',  and 
outlines  of  parts  sl^own  in  section. 

•  Light:  Dimension  lines,  extension  lines, 
symbol  section  lining,  shade  lines,  long  break 
lines,  invisible  lines,  and  centerlines. 
Equipment  symbols  for  doors,  windows, 
plumbing  fixtures,  etc.,  are  also  shown  with 
light  lines. 

The  use  of  different  weights  of  lines  will 
emphasize  the  important  paru  of  the  plan  and  make 
it  easier  to  read  thp  drawing.  If  all  lines  on  a 
blueprint  were  the  same  weight,  it  would  be  very 
confusing  and  difficult  to  read.  It  is  important  that  * 
the  main  outlines  of  the  building  stand  out  clearly. 
All  lines  should  be  black  in  order  to  make  a  good 
copy  by  blueprinting  or  other-processes. 

<1)  Step  1  (see  fig.  3-30)  * 
-  (a)  Take  the  total  length  and  width  of  the 
building  and  draw  a  rectangle  representing  the 
outsid  wall  lines.  Place  the  recUngle  in  the  drawing|^ 
space  so  as  to  have  the  necessary  room  for^ 
dimension-  l.«id  yc.     c  the  rectangle  nearer  the  top 
border  line.  This  provides  room  at  the  bottom  of  the 
sheet  for  titles  and  title  tlock.  The  front  of  the 
building  is  always  faced  toward  the  bottom  edge  of 
the  sheet.  '  j 

(b)  The  thickness  of  the  exterior  wall  is 


determined  by  the  materials  to  be  used.  A  wood 
frame  wall  with  2x4  s^ds  is  usually  drawn  6"  thick; 
this  includes  outside  boarding  and  interior  wall 
fmish.  Locale  the  centerlines  of  interior  walls  and 
draw  them  in  lightly.  The  thickness  of  a  (2  x  4 
partition  wall,  covered  on  both  sides  with  1/2^* 
wallboard,  is  4%'.  Draw  the  wall  about  5"  thick 
when  using  a  small  scale.  Draw  all  interior  and 
exterior  walls  in  full  with  light  lines— disregard  the 
location  of  the  wall  openings  at  this  time. 

(c)  Note  that  partition  walls  on  one  side  of 
the  house  are  often  a  continuation  of  walls  on  the 
other  side.  Also,  several  short  walls  must  be  located 
by  making  individual  measurjjj^ents  for  each  on^ 
Always  work  to  the  centerlines  of  interior  walls  and 
be  sure  to  make  the  wall  the  correct  thickness  on 
either  side  of  its  centerline.  Iij  some  cases,  it  may  be 
necessary  to  increase  the  thickness  of  a  partition 
wall  to  accommodate  plurnbing  lines  and  vent 
'  stacks.  The  wall  between  the  kitchen  and  bath  may 
be  framed  with  2x6  studs  for  this  purpose.  This 
information  would  be  furnished  by  the  designer. 

(2)  Step  2  (sec  fig.  3-30) 

(a)  Locate  and  draw  the  centerlines  for  all 
exterior  doors  and  windows. 

(b)  Draw  the  symbols  for  windows  and  doors 
according  to  the  following  dimensions.  Show  the 
window  and  door  swings  by  drawing  compass  arcs 
and  then  drawing  lines  at  45**  for  windows  and  90® 
for  doors  (if  interference  occurs  with  a  90®  swing, 
use  45®). 

Kitchen  window:  W  x  3'0''  castment  sash, 
hinged  on  left  side. 

Dining  area  window:  -St)"  x  3'0''casemem^nter 
section  is  fixed  sash;  vent  sashes  are  l^^id^. 

Living  room  glass  wall:  aO'wide;  mafleupjzfftwo 
equal  sections  6'8*  high.  The  bottom  part  of  each 
section  has  a  16''  bottom  hinged  vent,  opening  in. 
Bathroom  window:  3'0''  x  3'0'' double  casement. 
Bedroom  windows:  3'0''  x  4^0"  double  casement. 
Living  room  window:  3'0''  x  4*0"  double 
casement. 

Exterior  doors:  2'8''  x  6'8''  flush  doon,  glazed. 

The  height  dimensions  for  the  windows  and  doors 
will  be  needed  when  you  draw  elevation  views.  The 
dimensions* given  for  windows  are  the  overall 
dimensions  for  metal  sash. 


3(lfO 


(3)  Step  3  (sec  fig.  3-31) 

(a)  Locate  and  draw  interior  dodf  opcnmga 
to  the  correct  door  width.  In  cases  where  the 
centerline  of  a  door  is  not  located,  the  door  is 
centered  between  the  available  wall  spacC.  Erase 
partition  lines  before  drawing  the  door  symbols. 


ERLC 


114 


351 


The  dimensions  and  types  of  interior  iooh  are  as 
follows: 

Baihrcom:  2'4^  x  6^8'  (flush  door) 
Bedrooms:  TS^  x  6'8''  (flush  door) 
Bedroom  closets:      x  6^8' (sliding,  flush  door) 
Storage  closet:  2'6''  x  6T  (flush  door)^ 
Guest  closet:  2^  x  6^  (folding  door) 
Linen  closet:  TV  x  6^6"  (flush  door) 
Hcatc/  space:      x  6^6"  (louvertd) 
Dining  area:  6^0"  x      (folding  door) 

(b)  Lo6ate  and  draw  kitchen  equipment, 
such  as  counters,  wall  cabinets,  and  sink.  Designate 
spaces  for  range,  refrigerator,  and  washer  by 
drawing  symbols  as  shown.  Wall  cabinets  are 
indicated  by  dashed  lines  about  1  t)''from  wall  lines. 
The  following  approximate  d^imensions  are  given 
for  kitchen  and  plumbing  equipment.  The  fint 
diemnsion  given  is  the  depth  dimension  from  the 
wall  to  thf  outer  face  of  the  object.  The  second 
dimension  is  the  width  across  the  object. 

Range:  2V  x  36' 

Referigcrator:  26*^  x  30* 

Washer.  24' X  28' 

Sink  (buUt-in)  16'  x  24' 

Lavatory  (built-in)  U^'x  16' 

Bathtub:  ITxSV^ 

Water  closet:  8'  x  18' for  tank;  16' x  14' for  bowl 
Heater:  24' X  14' 
Water  heater.  18'  diameter 
.  Qosct  shelves:  10'  to  12'  deep 

(4)  Step  4  (sec  fig.  3-31) 

(a)  Locate  electric  light  outlets,  switches,  and 
convenience  outlets  as  shown.  Draw  dashed  lines  as 
shown  to  indicate  the  light  controlled  by  each 
sWitch.  Note  that  the  hall  light  can  be  controlled 
from  two  positions  by  using  two  three-way  switches. 

(b)  Draw  exterior  dimension  lines,  locating 
subordinate  dimensions  next  to  the  wall  lines.  The 
outermost  d  imensions  should  be  overall  d imension. 
Exterior  windows  and  doors  are  located  by 
dimensions  to  the  centerline  of  the  opening. 

(c)  Location  interior  partitions  of  the  house 
by  dimensions  to  their  cen^^Hihes.-  When 
dimensioning  to  an  exterior  wall,  the  dimension  is 
giv^n  to  the  outside  face  as  shown.  It  is  customary  to 
run  a  dimension  line  across  the  plan  in  each 
direction  if  it  is  convenient  to  do  so.  However,  this 
should  not  be  done  if  it  repeats  too  many 
.  dimensions  or  causes  crowding  and  reduces  clarity. 

Be  sure  to  put  anowheads  at  the  ends  of  each 
dimension  line. 

'  (d)  Letter  in  dimension  numerids,  titles,  and 
any  notes  required.  Mark  door  and  window  sizes,  or 
use  a  cod^  symbol  as  shown  on  figure  3-23.  These 


symbols  were  omitted  fronf  figure  3-31  in  order  to 
simplify  the  drawing.  Make  sure  that  intermediate 
dimensions  along  the  same  line  add  up  to  the  correct 
overall  size  of  the  building. 

(e)  Place  the  title  and  scale  on  the  lower  part 
of  the  drawing,  using  the  format  shown  in  figure  3- 
31.  From  the  size  dimensions  given  and  f^om  other 
information  given  on  the  completed  plan  and 
elevation  views,  make  a  wind6w  and  door  schedule 
using  the  format  shown  in  figure  3-23.  Ail  windows 
are  aluminum  sash.  When  drawing  the  elevadon 
view,  you  may  design  the  glassed  openings  for  the 
two  exterior  dooi|,  or  pattern  them  after  doors  that 
you  think  are  good  examples.  ' 

After  you  have  completed  the  layout,  you  should 
spend  considerable  time  checkingevery  detail  of  the 
drawing.  Make  sure  that  every  part  is  correctly 
drawn  and  placed.  See  if  improvements  can  be  made 
in  lettering,  in  placement  of  dimensions,  and  in 
notes.  Be  sure  that  switches  and  outlets  are 
conveniently  placed.  For  example,  it  would  be  an 
improvement  to  add  one  more  convenience  outlet  to 
the  right  wall  of  the  living  room.  This  would  allow 
the  occupant  a  wider  choice  in  the  arrangement  of 
interior  fupiishings.  « 

Exercises  (437): 

1.  On  a  floor  plan  drawing,  which  way  should  a 
buiUing  face? 


2.  Why  should  a  plan  view  be  drawn  in  light  lines, 
first? 


3.  What  is  the  difference  between  dimensions  to  an 
interior  wall  and  an  exterior  wall  on  a  floor  plan? 


438.  Give  certain  procedures,  or  purposes  of 
certain  procedures,  used  in  the  preparation  of 
elevation  drawings. 

Drawinf  an  Elevation.  The  method  of 
constructing  an  elevation  drawing  follows  the  samd 
principles  used  in  drawing  a  floor  plan.  The  drawing 
of  the  elevadon  will  also  be  explained  in  four  steps. 

First,  we  must  assume  that  all  necessary  design 
information  has  been  worked  out.  Many  details  of 
construction,  such  as  floor  and  ceiling  heights,  sill 
construction,  wall  and  cornice  construction,  roof 


pitch  and  type  of  roofing,  typei  of  doors  and 
windows,  and  exterior  finishing  materials,  must  be 
considered.  The  more  complicated  the  building,  the 
more  details  there  are  to  consider.  Details  may  vary 
with  design  and  materials,  but  the  method  of 
constructing  this  or  any  other  working  drawing 
must  follow  logical  steps  to  get  the  best  results.  ^ 

On  an  ll'^x  17''drawingsheet,  draw  an  elevation 
at  l/V  s  It)''  scale  following  the  suggested  she^ 
layout  shown  on  figure  3-31  Place  the  front 
elevation  view  at  the  lower  part  of  the  sheet  as 
indicated.  The  space  required  by  the  elevation  view 
will  be  a  little  wider  than  that  for  the  plan  because  of 
the  roof  overhang  which  projects  beyonchfhe  gable 
ends  of  the  house.  The  height  of  the  house  is 
approximately  IT;  this  will  be  roughly  3''  on  the 
drawing  sheet.  Therefore,  the  space  required  by  the 
front  elevation  view  is  about  3'decp  by  wide.  If 
a  title  block  is  placed  on  the  drawing,  the  elevation 
view'must  be  moved  over  to  the  left  Extra  space  on 
the  sheet  can  be  used  for  schedule^,  notes,  and  detail 
views.  Ordinarily,  there  are  no  schedules  shown  on 
elevation  views,  but  it  is  good  practice  to  show  one 
or  two  enlarged  .details,  as  a  cornice  detail,  to  help 
clarify  ^exterior  construction  features.  Follow  the 
procedure  described  here  and  shown  in  figures  3-32 
and  3^33. 

(1)  Step  1  (see  fig,  3-32) 

(a)  Draw  the  floor  and  ceiling  lines  as  shown; 
,  then  establish  a  fuiish  grade  line  at  least  8' below  the 

floor  line.  The  grade  is  placed  so  that  the  surface  of 
the  porch  will  be  at  least  3'  above  the  grade  line. 

(b)  Tape  a  floor  plan  above  the  elevation 
view  and  project  down  the  main  comer  lines  of  the 
building.  Use  this  plan  view  to  locate  as  many  points 
as  possible  by  projection.  However,  you  should 
check  your  work  and  see  that  dimensions  add  up  to 
correct  distances  on  the  elevation  view. 

/(c)  With  light  lines,  construct  a  section  view 
which  is  to  serve  only  as  an  aid  in  completing  the 
front  view.  Plac^  the  section  view  opposite  the  front 
elevation  view  as  shown.  A  partial  view  is  used  here 
because  space  is  limited.  However,  you  should 
extend  the  roof  rafters  to  determinethe  height  of  the 
roof  ridge.  The  total  roof  rise  from  the  top  of  the 
plate  to  the  undenide^of  the  ridge  is  25*.  llieti  add 
the  depth  of  the  2  x  6  rafter  aitd  rooflng.  Kooflng 
thickness  can  be  approximated.  ^/ 

(d)  Project  the  roof  ridge,  eave  lines,  and 
porch  lines  oyer  to  the  front  view.  The  porch  is 
formed  by  continuing  the  roof  raters  St)'  past  the 
exterior  wall  line,  running  them  at  the  same  slope  as 
the  main  roof  The  porch  slab  and  porch  roof  were 
not  shown  on  the  floor  plan  because  of  the  lack  of 
space.  Only  the  main  l\ne$  of  the  roof  are  drawn  at 


this  time.  Details  will  be  worked  out  in  subsequent 
Jf^ps.  After  the** entire  drawing  is  completed,  the 
partial  section  view  will  be  erased. 

(2)  Step  2  (see  fig.  3-32) 

(a)  By  projecting  from  the  floor  plan  and  by 
taking  locatidn  dimensions  from  the  plan,  locate  the 
centerline  of  the  chinmey,  which  is  the  same  as  the 
centerline  of  the  heater.  The  chimney  is  rectangular, 
measuring  16^"  x  24^",  and  it  is  positioiied  as 
indicated.  Draw  the  chimney  outlines^according  to 
the  given  dimensions.  These  dimensions  are  placed 
on  the  illustration  for  information  only — they/ 
should  tot  appear  on  the  final  ^rawing.  The  section^ 
view  shows  where  the  chimney  comes  throum 
(intersects)  the  rpof 

(b)  Locate  the  centerlines  of  the  extsrior 
door  and  windows.  Draw  in  the  outside  outlir  es  of 
door  and  windows  by  using  the  dimensions  givjbn  in 
the  previous  section.  First,  the  height  of  the  door  is 
measured  upward  from  the  floor  line.  The  heads  of 
the  windows  are  next  lined  up  with  the  top  of  the 
door.  Measure  downward  from  the  window  sash 
head  to  locate  the  window  sill  line.  Draw  a  sill  under 
the  door  and  extend  it  across  under  the  large 
windows. 

(c)  Draw  the  front  porch  and  kitchen  door 
entrance  step.  Use  fre  detail  shown  to  fmd  the  porch 
level  in  relation  to  the  floor  level. 

^(d)  Draw  the  horizontal  line  which 
represents  the  bottom  edge  of  the  sidmg.  In  the 
process  of  actual  construction,  the  horizontal 
courses  of  siding  may  be  shifted  upward  or 
downward  in  order  to  give  the  best  exterior 
appearance. 

(3)  Step  3  (sec  fig.  3-33) 

^  (a)  Draw  the  trim  around  the  door  and 
windows  as  shown.  The  trim  is  approximately  3* 
wide;  window  rails  and  stiles  are  shown  about  2' 
wide.  ^ 

(b)  Draw  the  roof .  trim  lines  as  shown, 
referring  to  the  roof  detail  developed  in  the 
preceding  steps.  The  small  projection  shown  at  the 
lower  roof  comers  is  slightly  larger  than  actual  size 
for  the  sake  of  clarity  and  appearance. 

(c)  Scale  the  6*- divisions  for  the  vertical  \ 
boarding,  including  the  spaces  between  door  and 
windows,  and  the  space  above  tiie  door  and  front 
windows.  Also,  mark  off  the  9*  spaces  for  the 
shingle  siding,  beginning  at  the  lower  edge  and 
working  up  the  wall. 

(d)  Draw  brick  symbol  on  the  chimney. 
Leave  a  space  about  4'  high  at  the  base  of  the 
chimney  to  represent  metal  flashing. 
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(4)  Step  4  (5CC  fig.  '3-33) 

(a)  Add  supple  marks  to  represent  the  gravel 
roof..  It  is  not  necessary  to  make  an  exact 
reproduction  of  the  stipple  marks  shown.  Shading 
and  stippling  serve  only  to  give  a  pleasing 
appearance  to  the  view— they  are  not  necessary  for 
accuracy.  Add  the  necessary  notes. 

(b)  Draw  vertical  and  horizontal  lines  to 
symbolize  the  type  of  siding  used.  Since  t^is 
building  is  small,  the  entire  wall  may  be  drawn  with 
shingle  symbol,  as  shown  on  figure  3-33.  For  large 
exterior  wall  areas,  a  few  lines  drawn  to  scale  in  the 
lower  left  comer  of  the  building  would  be  sufficient 
to  indicate  the  type  of  wall  material.  Add  the 
necessary  notes. 

(c)  Dimension  the  floor  to  ceiling  height, 
floor  to  gracie,  and  ridge  to  top  of  chimney.  Add 
identifying  notes,  placing  the  notes  where  they  will 
look  well  on  the  drawing.  Lettering  on  notes  should 
beat  least  1/8". 

(d)  Erase  construction  lines  and  other  hnes 
which  are  not  required  on  the  final  drawing.  Darken 
the  main  outlines  of  building.  Darken  and  accent 
door,  window,  and  trim  lines.  The  lines  representing 
shingles  and  siding  should  be  the  lightest  in  weight, 
the  main  outlines  of  the  house  the  heaviest.  Add 

,  diagonal  straight  lines  to  symbolize  glass,  and  use 
light,  vertical  shade  lines  on  the  shingles.  Draw 
dashed  lines  to  indicate  the  hinge  points  on 
windows.  The  concrete  symbol  should  consist  only 
of  scattered  dots. 

Check  your  drawing  thoroughly  to  see  that  it  is 
complete  and  accurate.  On  the  1/4*  scale,  it  is 
necessary  to  approximate  the  size  of  small  parts. 
However,  you  should  strive  for  a  high  degree  of 
accuracy  on  those  parts  of  the  view  which  are  larger 
in  size  and  can,  therefore,  be  more  accurately  laid 
out.  Be  sure  to  letter  the  drawing  title  and  drawing 
scale  below  the  completed  view.  After  the  pencil  , 
drawing  is  complete  in  every  detail,  it  can  be  traced 
on  tracing  paper  so  that  it  can  be  reproduced  by 
blueprint  on  other  processes.  If  the  pencil  drawing  is 
well  done,  the  tracing  will  be  easier  to  make,  and  it 
will  be  accurate  as  well  as  artistic. 

To  complete  >rfie  drawing  sheet,  draw  a  left  side 
elevation  view  pf  the  house  in  the  space  above  the 
front  elevation  view.  The  left  side  of  the  house  is 
covered  with  cedarslTingles  up  to  the  ceiling  line.  A 
Z^^orizonul  trim  is  run  from  cornice  to  cornice  to 
separate  the  rectangular  wall  from  the  triangular 
gable  end.  The  gable  is  covered  with  plywood  to'' 
present  a  smooth  surface  for  painting.  Window  and 
door  sizes  are  as  previously  listed.  Reposition  the 
same  plan  view  to  use  in  projecting  wall  lines  and 
centcrlines  for  wall  openings.  The  front  porch  roof 


IS  supported 'by  two  4"  x  4"  wood  posts.  The  front 
porch  floor  slab  is  4*6" deep  from  the  foundation  to 
the  porch  outer  edge.  The  concrete  step  at  the 
kitchen  door  is  4'0''  by  3'0''  deep.  The  upper  half 
(approximate)  of  the  kitchen  entrance  door  should 
be  glass  to  provide  light  and  visibility. 

•> 

Exercises  (438): 

1.  What  use  is  made  of  a  floor  plan  when  drawing 
an  elevation 'view?  ^ 

✓ 

2.  How  is  the  centejline  of  the  chimfriey  located  on 
an  elevation  view?  ^ 


439,  Give  certain  procedures,  or  purposes  of 
certain  procedures,  used  in  the  preparation  of  detail 
drawings. 

V 

Drawing  a  Detail.  Every  set  of  plans  must  include 
construction  detail  ,  drawings.  These  large-scale 
drawings  show  clearly  those  parts  of  the  structure 
which  cannot 'be*  shown  accurately  in  small-scale 
plan  and  elevation  views.  Generally,  some  details 
are  placed  in| available  spaces  on  plan  and  elevation 
views.  However,  it  is  not  possible  to  place  2ill  details 
on  the  main  drawings  to  which  they  apply.  When 
the  available  space  has  been  used,  detail  drawings-- 
are  put  on  sheets  containing  nothing  but  details.  It  is 
necessary,  then,  Jo  use  a  reference  on  the  main 
drawing  to  tell  where  the  required  detail  may  be 
found. 

Thus,  if  we  consider  it  necessary  to  show  the 
details  for  the  kitchen  cabinets '(see  fig.  3-31,  step  4) 
on  another  sheet,  we  would  put  a  note  on  the  floor 
plan  sheet— "Cabinet  details  on  Sheet  5."  If 
"typicar  wall  construction  is  to  be  shown  in  a 
detail  section,  there  is,  no  need  to  show  the  position 
of  the  cutting  plane  on  the  plan.  However,  if  the 
section  is  intended  to  show  a  wall  detail  at  a  definite 
place,  we  must  drayv  a  cutting*  plane  line  through 
that  specific  part  of  the  plan  view  which  the  detail 
section  is  to  picture.  The  cutting  plane  line  must  be 
identified  by  letters,  and  the  corresponding  detail 
view  must  be  identified  by  the  same  letters.  Without 
a  proper  reference  and  title,  the  detail  may  be 
meaningless.  Details  should  be  arranged  in  the 
order  of  their  need— that  is,  the  work  sequence  of 
actual  construction. 

Details  are  drawn  as  large  as  possible,  the  scales 
ranging  from  1/2*  =  ID"  on  up  to  full  size.  Some 
small  parts,  sucli  as  special  moldings,  may  be  drawn 


^  twice  size  if  necesttry.  Usually,  the  smaller  the  part, 
the  larger  the  scale  used.  Always  letter  the  scale  used 
under  the  title  of  the  view.  Detail  drawings  must 
also  be  thoroughly  dimensioned  or  they  will  no; 
serve  their  purpose.  The  dimension  may  be  given  by 
using  notes  and  leaders,  or  they  may  be  given  by 
using  regular  dimensioning  methods.  Distances  are 
always  dimensioned,  while  parts  such  as  concrete, 
brick,  and  framing  materials  are  identified  by  notes 
and  symbols. 

Cornice  detail.  The  cornice  detail  shown  in  figure 
3-34  is  for  the  simplejframe  hchisc  shown  in  the 
preceding  figures.  Although"'^  is  a  simple' 
construction,  the  samc^roccdure  should  be 
followed  in  drawing  any  type  of  cornice,  whether  it 
be  for  wood  or  masonry  walls.  All  framing  and 
other  materials  must  be  scaled  to  actual  size.  Refer 
to  illustrations  available  to  you  to  obtain  the  finish 
sizes  of  lumber,  molding,  and  other  materials. 

To  draw  the  cornice  detail  shown  in  step  3  of 
figure  3-34,  use  an  8!^'x  1 1'sheet,  spacing  the  views 
as  shown  by  the  suggested  layout.  Draw  the  detail  in 
light  outlines  at  first. 

(1)  Step  1 

(a)  Draw  a  2  x  4  wall  stud  with  a  double  2x4 
top  ptate  as  shown. 

(b)  From  the  inside  comer  of  the  top  plate, 
draw  a  pitch  diagram  to  establish  the  underside  of 
the  roof  rafter.  Scale  the  widthof  the  2x6  rafter  and 
draw  the  top  line  of  the  rafter. 

(c)  Draw  lines  to  indicate  5/8' roof  decking 
and  exterior  wall  sheathing.  ^ 

(2)  Step  2 

(a)  Project  the  roof  rafter  out  to  the  full 
.  length  of  the  cornice  and  add  the  cornice  trim  as 

shown.  The  1  x^6  facia  should  project  about  3/4* 
below  the  plywood  soffit.  , 

(b)  Locate  the  double  2x4  window  header 
by  mentally  measuring  up  from  the  finished 
flooring.  Since  the  window  head  casing  trim  is  in 
line  with  the  door  head  9asing  (see  figs.  3-32  and  3- 
33),  the  height  of  the  door  is  used  .as  a  means  of 
locating  the  headers  for  w^dow  openings*.  In  this 
construction,  the  underside  of  the  door  header  is 
e'lOl/i"  above  the  finished  floor  surface.  This  is 
found  by  adding  the 'following  dimensions: 


Height  of  door  threihold 

Height  ot  door 

Spite  allowed  above  door 

TOTAL 


7/8* 

 r 


The  space  illowed  above  the  door  is  for  the 
thickness  of  the  doorframe,  plus  space  for  fitting  the 
fnimi:  in  place. 
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(c)  After  adding  the  1 12"  ceiling  and  interior 
wall  covering,  draw  in  the  window  frame,  trim,  and 
cap  as  indicated  in  the  finished  view.  Add  the 
plywood  soffit  and  shingle  siding.  Complete  the 
cornice  by  adding  the  quarter-round  mold. 

(d)  Indicate  the  position  of  the  2  x  6  ceiling 
joist  by  dashed  lines. 

(3)  Step  3 

(a)  Draw  the  roof  matgrial,  gravel  stop,  and 
pitch  diagram. 

(b)  Darken  outlines  and  draw  material 
symbols  to  indicate  wood  parts  in  section. 

(c)  Show  vent  hole  in  cornice,  and  insulation 
in  ceiling  )pace. 

(d)  Add  necessary  notes,  titles,  and 
dimensions. 

Siii  section.  The  sill  of  a  frame  building  is  the 
wood  strip,  fastened  to  the  foundation,  on  which  the 
vertical  wall  studs  rest.  The  procedure  for  drawing 
the  sill  section  shown  in  figure  3-34  is  the  same  as  the 
procedure  just  described  for  the  cornice  detail. 
These  two  details  should  be  developed  together  in 
order  to  space  the  view  properly  on  the  drawing 
sheet.  Note  that  the  bottom  sill  plate  of  thd  2  x  4  stud 
wall  is  set  back  from  the  edge  of  thefoimdation  wall 
to  accommodate  |be  plywood  sheating.  Indicate 
materials  by  using  the  proper  symbols  and  notes. 
'  All  dimensioning  and  lettering s^^ould  be  put  in  last. 

Standard  and  special  parts  detail  views.  It  has 
been  explained  that  it  is  necessary,  to  detail  all  parts 
of  a  structure  that  are  not  fully(  explained  in  the 
main  views.  However,  there  are  exceptions  to  this 
rule.  Many  items  such  as  windows,  doors,  trim, 
stairs,  flooring*  cabinets,  and  walls  can  be  obtained 
ready  to  incorporate  into  a  building.  These  standard 
parts  need  not  b#detailcd.  They  are  indicated  on  the 
main  views  and  in  written  specifications  by  name, 
catalog  number,  and  size.  In  some  instances  it  may 
be  desirable  to  detail  the  framing  required  for  the 
installation  of  a  standard  part,  such  as  a  window, 
>j|Utthe  window  itself  ncc^  not  be  shown  in  the  view. 
Tm^JKpuld  give  the  designer  control  over  the 
installation  and  assure  the  desired  construction.  If 
some  special  style  or  shape  of  construction  is 
wanted,  such  as  a  door,  window,  stair,  etc., 
complete  details  must  be  drawn  to  supply  necessary 
information  to  the  estirhator,  contractor,  and 
builder,  and  to  the  mill  or  factory  where  the  special 
parts  are  to  be  fabricated. 

Standard  practices  in  construction  can  also  save 
detailing.  Written  specifications  will  state  fully  how 
the  work  is  to  beaccompiished  and  alto  state  where 
to  make  changes  from  the  usual  procedure.  It  would 
not  be  practical  todiscussand  illustrate  ail  stan^rd 
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and  special  items  in  relation  to  architectural 
detailing.  Through  experience  in  construction 
work,  we  can  determine  whether  or  not  certain  parts 
of  the  design  need  detailing.  Assuming  that  it  is 
desired  to  show  the  exact  relationship  between 
design  and  construction,  there  are  a  number  df 
items  which  can  best  be  explained  in  detail  views 
(see  fig.  3-35).  Features  which  are  usually  detailed 
are  as  follows: 

Foundations  and  footings. 
Sills  for  doors  and  windows. 
Main  wall  framing. 
Cornice  construction  and  roof  trim. 
Special  molding  and  trim. 
Special  doors  and  windows. 
Fireplaces  and  chimneys. 
Stairways. 

Special  roof  framing. 

Special  partitions. 

Built-in  cabinets,  closets,  etc. 

Arches  and  special  openings. 

Porch  and  entrance  construction. 

Exposed  panels  and  beams. 

You  should  study  books  on  building  construction 
and  become  acquainted  with  manufag] 
catalogs.  Catalogs  on  lighting  equipment,  plywood 
construction,  roofmg  materials,  flooring,  heating, 
air  conditioning,  doon,  windows,  walls,  kitchen 
appliances,  and  many  other  products  are  furnished 
free  upon  request.  These  catalogs  give  detailed 
descriptions  and  construction  data  which  are 
invaluable  in  designing  and  detailing.  Bulletins  and 
pamphlets  dealing  with  many  practical  aspects  of 
building  construction  may  be  obtained  from  trade 
associations;  college  and  university  departments  of 
architecture;  and  from  Federal  agencies,  such  as  the 
Federal  Housing  Administration,  National  Bureau 
of  Standards,  and  thCvGovermnent  Printing  OfTice. 

Specifications,  The  detail  drawings  and  the 
written  specifications  for  a  proposed  building  are 
very  closely' related.  The  specification  is  a  written 
document  which  supplements  the  building  plans  by 
explaining  those  points  which  are  not  readily 
explained  by  drawings.  Although  it  is  not  a 
draftsman's  job  to  prepare  specifications,  he  should 
be  familiar  With  them  since  they  not  only  control 
design  and  materials  but  are  also  an  important 
source  of  information  for  drawing  plans. 

Specifications  usually  begin  with  a  statement  of 
the  general  conditions  of  the  contract  and  then 
proceed  .to  consider  the  various  phases  of 
construction.  Each  phase  of  construction  is  related 
to  a  particular  operation  or  material  A  separate 
specification  is   written  for  each   phase  of 


construction,  and  these  are  compiled  to  parallel  the 
job  sequence  of  the  phases.  The  specifications  cover 
type  and  quality  of  material,  kind  and  quality  of 
labor  to  be  used,  methods  of  construction, 
standards  of  workmanship,  kinds  of  equipment, 
delivery  and  storage  of  materials,  inspeaion  of 
work,  protection  of  finished  work,  and  many  other 
points  which  could  not  be  covered  if  drawings  alone 
were  used.  S.ome  specifications  may  be  placed  on 
the  drawii^gs  in  the  form  of  notes.  Care  should  be 
taken  that  details  and  drawing  notes  agree  with 
written  specifications. 

Exercises  (439): 

1 .  If  there  is  not  room  on  the  main  drawing  to  place 
the  detail  drawing,  where  is  the  detail  drawing 
placed? 


2.  To  what  scale  are  details  drawn? 


3.  InNietail  drawings,  is  the  actual  or  nominal  size 
of  Qonstruction  materials  shown? 


What  is  the  purpose  of  written  specifications? 


440.  List  the  four  main  types  of  electrical  and 
electronic  drawings  and  given  various  symbob  used 
in  these  drawings,  state  tbeir  meanings. 

Electrical  and  Electronic  Graphic  Symbols. 

Electrical  and  electronic  diagrams  are  generally 
drawn  in  the  form  of  freehand  sketches  by  the 
electrical  design  engineer.  It  is  the  draftsman's  job  to 
transform  the  engineer's  sketch  into  a  well-balanced 
and  neatly  consu^cted  drawing,  making  no  errors 
in  connections.  Electrical  and  electronic  drawings 
can  be  classified  into  four  main  types: 

•  Pictorial  drawings. 

•  Wirin^diagrams. 

•  BlockN|iagrams. 

•  Schematic  diagrams. 

Graphic  symbols  play  a  major  part  in  electrical 
and  electronic  drawing.  In  floor  plans  of  buildings, 
factories,  etc.,  a  simplified  set  of  symbols  is  used  by 
the  architect  to  show  the  location  of  electrical  units. 
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The  electrical  contractor  uses  another  set  of 
symbob  since  circuit  components  and  wiring  must 
be  broken  down  to  show  precise  connection  details. 
You  have  previously  seen  some  of  the  symbols  used 
by  the  architect.  The  symbols  used  in  the  following 
pages  apply  strictly  to  electrical  and  electronic 
diagrams.  Schematic  diagrams  are  comprised 
entirely  of  graphic  symbols.-  Wiring  diagrams  may 
or  may  not  contain  graphic  symbols. 

'Mil— Std— 15— lA  contains  a  complete  list  of 
electrical  and  electronic  symbols.  The  title  of  this 
publication  is  Military  Standard*  Graphic  Symbols 
for  Electrical  and  Electronics  Diagrams.  There  are 
other  symbol  lisu  stich  as  the  one  approved  by  the 
American  Standards  Association  (ASA).  In  some 
cases,  a  partictilar  symbol  in  one  list  may  not  be 
exactly  the  same  as  in  another  list  However,  many 
of  them  are  neariy  the  same  in  any  list.  A  study 
figure  3-36  will  familiarize  you  with  a  few  of  the 
more  common  grapliic  symbols. 

NOTE:  Mil— Std—  IS^-IA  contains 
approximately  SI  pages  of  electrical  and  electronic 
symbob.  Other  symbol  lists  are  about  the  same 
length-  Your  drafting  activity^vill,  no  doubt,  furnish 
you  with  some  list.  But,  no  matter  what  list  you  are 
furnished,  variations  in  symbols  may  be 
encoimtercd  in  actual  practice.  For  instance, 
sometimes  a  particular  part  is  drawn  similar  to  its 
configtiration  for  clarification. 

Symbob  may  be  drawn  by  construction  methods. 
However,  various  templates  to  aid  the  draftsman  in 
drawing  symbob  arc  commonly  used.  These 
templates  arc  usually  either  the  stencil  or  the. 
guiding  type.  Figure  3-37  shows  the  actual 
arrangement  of  symbob  on  a  typical  guiding  type 
electrical-symbol  tempbte.  With  this  type  of 
template,  and  symbol,  or  part  of  a  symbol,  may  be 
combined  with  another  regardless  of  locations  on 
the  template.  Thus,  it  is  poissible  to  draw  a  symbol 
which  does  not  appear  on  the  template  in  its 


complete  configuration.  For  example,  a  variable 
resistor  may  be.^hownllrst  by  drawing  the  rig^ 
symbol  and  then  inserting  the  arrow.  Generall,  thb 
method  applies  to  other  types  of  templates, 
although  the  symbol  may  differ  on  some  of  them. 

The  actual  drawing  of  graphic  sym^i^either  by 
construction  or  use  of  a  template,  b  not  ^vered  in 
this  chapter.  Your  drafting  activity  will,yo  doubt, 
advise  you  of  their  method— there  b  nothing 
difficult. 

Pictorial  drawing.  A  pictorial  drawing  may  be 
used  to  show  a  component,  series  of  components,  or 
a  complete  device.  Abo,  a  pictorial  outline  may  be 
used  to  provide  a  background  for  a  wiring  circuit.  A 
pictorial  drawing  shows  the  locations  and 
configurations  of^mponents  and  the  positions  of 
the  connecting  wihtt.  A  definition  of  the  work 
pictorial  b  **in  the  fotai  of  a  picture."  An  actual 
photograph  is  sometim^  used,  and  the  parts  may  be 
identifiwl  by  the  draftsman  by  inserting '•callouts." 

Figure  3-38  shows  the  pictorial  drawing  of  a 
simple  service  meter  box.  Notice  that  the  lines 
representing  wires  are  drawn  as  heavy  as,  or  heavier 
than,  the  weight  of  vbible  outlines.  Thb  heavy  line 
weight  b  commonly  used  in  pictorial  drawings  and 
wiring  diagrams  and  may  be  used  in  schematic 
diagrams  to  emphasize  particular  wires.  The 
components  and  wires  may  be  identified  bycallouts 
as  shown  in  the  illustration. 

Figure  3-39  shows  a  pictorial,  drawn  in 
perspective,  which  shows  the  positions  of  some  of 
the.  electrical  components  and  wiring  of  an 
automobile,  bometric  and  oblique  drawings  also 
may  be  used  to  provide  backgrounds  for  wiring 
circuits.  m 

Notice  that  the  exact  connections  of  each  wire  are 
*  shown  in  figure  3-38,  but  not  in  figure  3-39.  It  b 
obvious  that  a  pictorial  drawing,  such  as  in  figure  3- 
39,  must  be  supplemented  by  either  a  wiring  or 
schematic  diagram  to  show'^e  connection  details. 
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Figure  3-37.  Arrtngement  of  lymboU. 
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Figure  3-38.  Pictonal  drawing  of  a  sirafplc  service  meter* 


A  wiring  diagram  of  one  of  the  automobile  circuits, 
is  shown  in  figure  3-40  and  discussed  in  a  following 
paragraph. 

Several  factors  should  be  considered  when  you 
aredetcrmmingthe  necessity  for  a  pteiQidal  drawing. 
The  use  which  will  be  made  of  the  drawing  must  be 
recognized,  and  the  technical  background  of  the 
interpreter  must  be  considered.  Ii  ii  usually  the 
obligation  of  the  engineer  or  draftsman  to  make  the 
decision. 

Wiring  diagrams.  The  term  *Viring  diagram'' 
.  pertains  to  several  types  of  dfawing.  Actually,  a 
pictorial  drawing  such  as  shown  in  figure  3-38  could 
be  considered  a  wiring  diagram,  since  it  clearly 
shows  the  wiring  connections  to  the  circuit 
components.  However,  the  exact  location  of  the 
components,  as  shown  in  figure  3-38,  is  not  required 
in  a  wiring  diagram.  The  followmg  three 
illustrations  show  the  general  concepts  of  this  type 
of  drawing. 

a.  Wiring  diagram  of  automobile  electrical 
circuit.  Figure  3-40  shows  a  t^^jic^  wiring  diagram 
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♦Figure  3-39.  Auto  electnctl  circuit. 
128 


ERLC 


\ 


CHAItOC  iNOICATOft 
LAMP 


ISf-ISS 

OCNCfUrOR  R£OUtATOR 


1 


HCAODOKT  SWITCH 


QCNCRATQR 


STARTIMO 
MOTOR 
RELAY 


J"" 

TTIMO  Pi 


Fifure  3-40.  Wiring  diagram  for  auto  electrical  circuit. 


of  the  power  circuit  of  the  automobile  (fig.  3^39).  In 
this  type  of  wiring  diagram,  the  circuit  components 
arc  represented  by  several  methods.  Notice,  for 
instance,  that  the  battery  actually  is  pictorial;  thtf 
starting  motor  relay  is  represented  by  a  symbol;  and 
the  generator  regulator  can  be  classed  as  schematic 
(covered  later  in  this  chapter).  Thus,  you  can  see 
that  there  is  no  definite  set  of  rules  for  drawing  the 
components  in  a  wiring  diagram,  *However,^in  all 
cases,  the  wiring  must  be  clearly  shown,  arid  the 
drawing  constructed  in  a  well-balanced  manner. 

Because  of  the  various  circuits  liscd  in  Vnany 
electrical  devices,  wire  color  coding  is  often  > 
This  is  shown  in  figure  3-40  by  R,  B,  G-W,  and  ^R. 
The  color  code  may  be  placed  on  the  drawing  h  a 
note,  such  as: 


Wiring  Color  Code 

R  RED 

B  BLACK 

G-W  GREEN-WHITE  BAND  » 

B<R  BLACK-RED  BAND 

Other  noutions  which  are  necessary  to  explain  the 
circuitry  may  be  placed  on  the  drawing.  Always 
allow  adequate  space  for  notes  when  plaiming  a 
drawing. 

b.  Symmetrical  layout  of  a  wiring  diagram. 
Figure  3*41  shows  the  wiring  ^diagram  of  an 
electronic  power  supi>l^  circuit  as  extracted  from  a 
technical -order.  The  drawing  is  laid  out  in  a 
symmetrical  manner.  Notice  that  the  circuit 
components,  tube  socket  contacts,  and  terminal 
connections  are  identified.  When  additional 
information*  such  as  notes,  callouts,  and  electrical 
values,  is  required^  sufficient  space  must  be  allotted 


for  this  information  when  laying  out  the  drawing.  If 
the  original  drawing  must  be  made  to  exact  overall 
dimensions,  the  draftsman  fint  should  lay  out  the 
pencil  drawing  to  approximate  proportions  and 
then  make,  necessary  revisions  (increasing  or 
decreasing  scale)  until  the  required  overall 
dimensions  are  obtained.  But,  as  often  is  the  case, 
the  drawing  may  be  made  to  any  convenient  size 
when  it  is  to  be  cither  enlarged  or  reduced  by  a 
p^hotographic  method^^ 

In  any  type  of  electrical  drawing,  the  draftsman 
should  plan  the  layout  so  that  the  number  of 
"bends"  and  *ta'ossoVcrs**^  6f  the  wires  are  held  at  a 
minimum.  Figure  3-42  shows  how  some  bends  and 
crossovers  could  be  eliminated  in  figure  3-41.  This 
Revision  is  shown  in  figure  3-42  by  the  heavy  and  the 
dashed  lines.  The  heavy  lines  represent  the  change  in 
the  position  of  a  connection,  whereas  the  dashed 
lines  represent  the  original  positions  (fig.  3-4 1)  to  be 
erased.  For  instance,  notice 'that  two  bends  arc 
eliminated  in  the  wire  from  contact  4  of  tube  socket 
XV  101. 

c.  Interconnection  type  of  wiring  diagram. 
Figure  3-43  shows  a  portion  of  an  interconnection 
diagram  as  extracted  from  a  technical  order.  This 
type  of  drawing,  sometimes  called  a  highway 
diagram,  is  commonly  used  in  showing  the  wiring  of 
switchboards,  panels,  and  the  cabUng  between 
electrical  units.  The  heavy  lines  represent  the  so- 
called  highways.  Notice  that  the  wires  or  feed  lines 
(light  lines)  merge  into  the  heavy  lints,  thereby 
eliminating  the  terminal-to*terminal  connections  of 
the  wires  in  a  point-to-point  drawing.  The  direction 
which  a  feed  line  takes  when  it  enters  a  highway  is 
indicated  by  the  slaot^d  part  of  the  line. 
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Fifure  3-41.  Wiring  diat»m  of  electronic  power  supply. 
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Excrdics  (440): 

1.  What  are  the  four  main  types  of  electrical  and 
electronic  drawings? 


1  What  is  indicated  by  polarity  (+  and  -)  in  a 
capdtor  symbol?  (See  flg.  3-36.) 


3.  The  end  of  three  srrowi  which  cut  three 
capacitor  symbols  respectively  are  connected  by 
dashed  lines.  What  does  this  represent?  (Sec  fig. 
3-36.) 


441.  Identify  putcalarchfradcrlstics  as  bdonfing 
to  dthcr  a  block  or  a  idieiiiatic  diagrui. 


Block  Diagram.  A  block  diagram  is  a  drawing 
which  shows  the  function  of  a  unit  or  a  complete 
system  in  simplified  form.  The  major  components 
(or  stages)  are  indicated  by  blocks,  and  the  path 
which  the  electrical  encigy  travels  from  input  to* 
output  is  shown  by  arrowheads  on  the  co.nnectlng 
lines.  The  path  and  direction  of  electrical  energy  are 
commonly  called  data  flow.  Block  diagrams  are. 
used  in  conjunction  wit)i  both  wiring  and  schematic 
diagrams..  The  diaghun  shown  in  "figure  3-44 
(extracted,  from  a  technically  order)  shows  the 
ccceiy^  circuitry  of  a  typioU'ntdar  system. 


In  figure  3-44,  each  individual  stage  is  shown  in 
block  form.  There  is  no  set  rule  for  the  size  or  shape 
of  a  block;  sometimes  blocks  are  drawn  in  circular  , 
or  triangular  forms.  Notice  that  the  arrowh6ads 
show  the  direction  of  data  flow  from  input  to 
output,  each  stage  is  libeled,  and  the  vacuum  tubes 
are  identified.  The  information  inserted  inside  a 
block  depends  entirely  on  the  particular 
requirement.  Usually,  line  weights  far  the  blocks  are 
about  the  same  as  for  visible  outlines.  However, 
different  line  weights  may  be  used  in  a  diagram  for 
purposes  of  emphasis. 

Schematic  Diagrams.  A  schematic  diagram  is  a 
drawing  which  traces  the  signal  or  signals  through 
an  electrical  circtiit  and  shows  the  functional 
relationship  (technical  details)  of  the  circtiit 
elements.  The  elements  (parts  or  components)  are 
shown  by  symbols  such  as  are  prescribed  in  the 
military  *  standard.  All  the  required  technical 
circuitry  details  are  included.  Since  the  engineer  is 
particularly « interested  in  the  relationship  of 
electrical  (or  electronic)  components,  the  schematic  . 
diagram  is, the  one  most  often  seen  on  engineering 
drafting  boards. 

-The  layout  of  a  schematic  diagram  should  be 
considered  as  a  creative  design.  The  drawing  must 
b^  constructed  with  regard  to  symmetry  and 
balance.  That  is,  it  must  be  drawn  uniformly  by  the 
precise'  alignment  and  regularity  in  spacing  of 
symbols;  and, of  course,  it  must  b^'drawn  accurateily 
and  neatly.  Following  afesome  important  facts  for 
preparing  a  schematic -diagram: 

a.  A  symbol  may  be  drawn  to  any  proportional 
size  that  fits  a  particular  drawing,  considerin^^e 
possibility  of  reduction  or  enlargement.  / 
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Figure  3-43.  Interconnection  .type  wiring  diignun. 
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Fi|ure  3-^.  Block  diagrtni  of  radar  receiver. 


6.  The  weight  of  a;  line  has  no  bearing  on  the 
meaning  of  a  symbol.  Occasionally,  extra  tcavy 
lines  are  used  for  emphi^is, 

c.  The  angle  at  which  a  lead  |i  ^nnected  to  a 
symbol  has  no  significance  unless  otherwise  noted 
on  the  (Irawing. 

cL  The  orienution  of  a  symbol  in  a  diagrann^>es 
not  change  its  meaning.  That  is,  a  symbol  may  be 
rotated  90^  or  180^  from  the  position  in  which  it 
appears  in  a  symbols  list. 

e.  Lines  which  represent  fjhe  connections  are 
usually  drawn  horizontally  and  vertically,  but  they 
may  be  drawn*. at  any  angle  when  particular 
drcumsCances  require  it. 

/.  Symbols  should  be  uniformly  spaced 
throughout  the  drawing    that  no  congested  areiU  , 

appear.  '  '  '  \ 

g.  Details  of  typCf  ^ating^etc.,  may  be  placed 
adjacent  to  any  symbol.  When. this  is  requir«l»  care 
must  be  exercised  in  planning  the  drawing  to  allow^ 
space  for  the  letters  and  figures.'  '  ^ 

hi  Lettering  mtist  be  faultless.  Poor  lettering  on  a 
schematic  or  any  electrical  drawing  cannot  be 
condoned  in  either  a  design  office  or  in  a  dr^ting 
room.  ✓ 

/.  Usually  the  sigoai'.ptth  is  from  left  to  right. 
That  is,  the  source  of  energy^  such  AS  the  antenna  of  o 


a  radio  receiver,  is  at  the  left;  and  the  output  which 
may  be  a  loudspeaker  is  at  the  right.  In  large 
drawings  (two  or  more  horizontal  ajjgnments  of 
stages),  the  input  usually  appears  at  the  upper  left 
and  the  output  at  the  lower  right. 

Schems^ic  diagrams  of  a  radar  unit  and  a  stage. 
Since  schematic  diagrams  arc^designcd  to  show  the 
t^hnical  details  of  a  circuit,  these  diagrams  are 
usually  required  in  conjunction  with  other  gfpe 
.  drawing.  Often  a  small  portion  of  a  cidmplete 
schemauc,  such  as  a  stage,  is  shown  separately  in 
schematic  form  for  technical  purposes.  Examples  of 
these  practices  follow.  As  you  study,  the  ^ 
illustrations,  notifce  how  the  general  principles  of 
schematic  drawings  are  applied  in  <^ch  case. 

a.  Schematic  diagram  of  a  unit.  Figure  3-45 
shows  the  schematic  diagram  of  the  automatic  ' 
frequency  control  unit  which  is  represented  in  block 
form  in  figure  3-44.  Notice  that  the  symbols  arc  laid 
out  in  a  manner  which  points  toward  unifom^ity. 
E^ich  symbol  is  identified  by  the  part  nu^aber,  and 
the  rating  of  eacA-part  is  shown,  except  for  the 
lubes.  JYit  mimbcrs  identify  the  tubes  in 
accordance  with  the  techoical  order;  the  numbers 
shown  in  conjunction  with  the  **y  numbers  arc  the 
cooamercial  nomenclatures. .  Since  ground  is  a^ 
common'connpction,  it  is  represented  by  the  heavy' 
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pFifure  3-45.  Schenutic  diagram— automatic  frequency  control 
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Figure  3-46.  Schematic  diagram— discriminator  detector  stage.  ' 
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horkonttl  lines;  However,  u»c  of  heavy  lines  for  a 
common  connection  it  optional.  Further,  note  that 
the  fikmenu  of  the  tubes  are  shown  separately  at 
the  bottom  of  the  drawing  to  avoid  congestion.  For 
instance,  the  filament  of  tube  V401  is  labeled 
•*V401.-  ^ 
6.  Schematic  diagram  of  a  stage.  Figure  3-46  is 
'  the  diagram  of  the  discriminatorsleteaor  stage 
shown  in  both  figures  3-44  and  3-4S.  In  a  technical 
publication,  a  tUge  is  often  show]^  individually  for 
analysis  purposes.  Notice  how  well  this  diagram  is 
drawn  in  regard  to  symmetry  and  balance. 

As  you  can  see,  the  circuitry  is  identical  to  the 
detector-discriminator  stage  in  figure  3«4S. 
However,  the  drawing  is  a  little  different  Since  tube 
'  V402  is  a  dual-purpose  tube,  (two  tubes  in  one  glass 
envelope),  it  is  dra^  in  two  sections,  A  and  B, 
resulting  in  a  well-balanced  driwing*  Notice  that  the 
^  symbol  representing  the  variable  inductance,  L405, 
is  drawn  in  the  alternate  method  to  that  initgure  3- 
45— this  is  a  matter  of  choice. 

Schematic  diagram  drawing.  You  may  be  called 
upon  to  make  a  finished  schematic  drawing  from  an 
engineer's  rough  sketch.  Even  though  the  sketch  will 
show  the  elements  correctly  connected,  some  of  the 
principles  jiut  listed  may  be  neglected.  It  is  the  job  of 
the  schematic  draftsman  to  prepare  a  fmished 
.  drawing  which  is  based  on  these  principles  and 
.  which  reflects  symmetry  and  balance. 

"  Figure  3-48  shows  the  finisifed^schema tic  diagram 
^.  laid  out  by  the  draftsman  front  the  rough  sketch  in 
•   figure  3-47.  The  draftsman,  who  laid  out  the 
fmished  schematic  diagram,  had  to  use  visualization 


and  initiative,  keeping  in  mind  the  following 
practices  for  good  schematic  drawing: 

a.  Determine  scale  or  size  9f  drawing. 
A.  Divide  drawing  area  into  uniform  sections, 
c.  Confine  symbols  within  their  respective 
sections. 

d  Insure  equal  proportioning  of  symbols* 
e.  Avoid  crowding  in  any  area. 
/  Allow  sufficient  space  for  lettering. 
/g.  Correct  any  drawingerror  made  on  the  rough 
drawing. 

If  you  haye  trouble  interpreting  the  symbob  and 
wiring  connections,  check  with  the  originator  of  the 
sketch. 

You  probably  realize  by  this  time  that  there  is  no 
'*cut-and-dricd'*  procedure  for  drawing  a  schematic 
diagram.  You  must  study  the  roug^  sketch  to 
.determine  how  to  lay-  out  the  drawing.  The 
following  steps  .which  are  offered  as  suggestions 
pertain  to  figure  3-48. 

(1)  Draw  the  horizontal  center  construction  line 
(dashed  lines  in  the  illustration)  for  tubes  VI  and  V2 
which  are  in  the  main  part  of  the  cifcmt  When  a 
series  of  tubes  progress  horizontally,.they  should  be 
aligned  on  the  Horizontal  axis. 

(2)  Draw  tube  Vl. 

(3)  Lay  out  the  components  on  the  left  of  tube  V 1 
in  a  symmetrically  spaced'  manner-both 
horizontally  and  vertically—as  shown  in  the 
illilstration.  '  '  * 

(4)  Draw  horizontal  construction  lines  as  guides 
for  alignment  of  the  components  to  be  drawn 
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Figurc  3-4«.'Schttnatic  diagram  prepared  from  rough  sketch. 


between  tubes  V 1  and  V2.  Draw  thcsfe  components 
in  an  evenly  spaced  manner. 

(5)  Draw  tube  V2,  centering  it  on  the  horizontal 
tube  center  construction  line. 

(6)  Continue  in  the  same  inanner  until  the. 
drawing  is  completed. 

NOTE:  Of  course,  in  the  finished  drawing  all 
construction  lines  are  erased,  as  in  thc^other  types  of 
drawing. 

Notice  the  drawing  errors  (oversights)  in  figure  3- 
47  which  the  draftsman  **caught''  and  corrected  in 
figiu-e  3-48,  Here  arc  several  of  them: 

•  Corrected  symbols  for  CI,  Cll,  and  C13. 

•  Inserted  missing  connection  dots  in  the 
finished  drawing.  For  instance,  notice  that  the 
connection  from  V3  to  the  ground  wire  is  missing  a 
connection  dot  in  figure  3-47, 


•  Improved  the  configuration  of  tu6c  symbols. 
(Cathodes  should  not  touch  envelope.) 

In  overall  dimensions  to  which  a  schematic 
diagram  is  drawn  depend  upon  the  way  it  is  to  be 
reproduced.  The  dimensioning  of  a  drawing  was 
discussed  under  **Wiring  Diagrams.** 

Exercises  (441): 

1.  What  type  of  diagram  is  used  to  ^  show  the 
function  of  an  electronic  system  in  simplified 
form? 


2.  All  the  elements  are  shown  by  symbols  in  a 
 diagram. 
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ANSWERS  FOR  EXERCISES 


CHAPTER 


Rcfocact: 


400-  1. 


400-1 
400  -  3. 
400-4. 
400  .  5. 


Four  pennancnt  fasteners  are  nails,  nvets,  woo^ 
icrewt,  and  welding.  Four  nonpermanent  fasteners  are 
pins,  keys,  screws,  and  bolts. .  ^ 
Penny 

Casings  nail.  .  ^ 

Common  nail.  * 
Brad. 


401^-1.  b, 

401"-!  i. 

401  -  3.  c. 
401-4.  <L 
401 -,5.  /. 

401-  6.  a. 

402-  1.  Multiple  threads. 
402-1  The  buttress  thread. 

402  -  3.  ICnuckle  threads. 
402-4.  The  acme  thread. 


V 


406  -  3.  A  machine  screw  is  usually  smaller,  ranging  from  .060 
to  1  mch  in  length  and  carely  made  with  hex  or  socket 
heads,  and  has  uncl^mfered  ends. 

406  -  4.   A  set  screw  is  usecT  to  prevent  rotary  motion  between 

two  macmjied  parts. 

407  •  1.   A  key  is  a  square,  rectaxjgular,  or  semicircular  piece  of 

metal  which  is  inserted  in  a  key  >yay  cut  m  a  shaft  and 
pulley. 

407  *  2.  A  pin  is  either^  cylindrical  or  round  tapered  and 
performs  the  same  purpose  as  a  key,  but  for  Lighter 
loads. 

407  •  3.   Compression,  tension,  and  torsion. 

408  -  1 .   ( 1 )  m.  (2)  /.  (3)  it.  (4)  i.  (5)  K  (6)  $.  (7)  a.  (»)  e,  (9)  (10) 

c.(ll)  U12)^,(l3)n.(14)A(15)o. 

409-1.   J.  The  diameter  of  the  base  of  the  pitch  cone. 

b.  The  angle  formed  by  an  elem^t  of  the  pitch  ^onet 
and  the  cone  axis. 

c.  The  pitch  cone  angle  minus  theidedendum  angle. 

d.  The  width  of  the  gear  tooth. 

ex  The  circumference  of  the  pitch  circle  divided  by  the 
number  of  teeth. 


403  -  7.  Acme. 
403  -  8.  Square. 

403  -  9.  Acme. 

404  -  1 .   One  thitad  senes  ts  distmguished  from  another  by  the 

number  of  threads  per  inch.^ 
404-1   -A"  symbolires  external  thread;  -B*  symbolizes 
internal  threact. 

404  •  3.  Tapering  allows  the  fint  threads  to  be  engaged  by  hand 
and  insures  a  tight  jomt  when  wrench  tightened.  ^ 

404-4.  1/4-20  UNC-2B.  Probably  for  general  use  in  soft 
materials  where  rapid  engagement  is  desirable.  * 


405- 

405- 


403-3. 


Nuts  and  bolts  are  classified'iy  weight  and  byfmish. 
W  (Width  acrou  fUu),  H  (Height  of  head),  and  T 
(TElckness  of  nut). 

Diameter,  lengthAthreiui  type,  fimsh,  and  bead  type. 


(th^ythrc 


406- 
406< 


By  the  head  shape  and  use. 

5/g-ll  UNC-2A  X  2  FIL  HD  CAP  SC. 


410  -  1.   Assembly  drawings. 

410  •  I   A  detail  drawing. 

410-  3.    Modification  drawing.  , 

411  *  1.   (1)  Jhe  size  of  paper  used.  (2)  the  necessity  for 

showingsmall  deuils  clearly.  S(3)  and  the  amount  of  v. 
dimensioning  to  be  added  to  the  view. 

411-  1    Double  size,  full  size,  one-halfsizc,  one-quarter  size,  or 
*         one-eighth  size. 

412-  1.   (a)  Name  of  the  part  or  structure. 

(b)  Name  and  location  of  the  organization. 

(c)  Scale  or  scales  used. 
'  (d)  Date. 

(e)  Name  or  initials  ofdraftsman,  tracer,  checker,  and 

head  engineer. 
(0  Drawing  number. 


412-2.^  Application  a^^ptjuantity  Required 


secuon. 


413-1. 


413-2. 


CHAPTER  2 

A  skew  line  is  a  line  which  is  inclined  to  all  pnncipal 
planes. 

(1)  Consult  two  views. 

(2)  Project  the  point  of  mtersection  from  one  view  to 
the  other. 
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413  •  3.  To  cfUbliih  tbt  point  of  intmection  between  a  lint 
and  a  plane,  draw  the  line  to  the  plane  in  the  view 
which  shows  plane  u  an  edge,  then  project  the 
apparent  point  of  intmefction  to  the  desired  view. 

413  •  4.  The  frontal  and  profile  planes  are  intersected. 

413-  5.  6. 


4t4«l.  The  intersection  of  a  plane  and  a  cylinder  is  determined 
by  finding  the  intersection  that  a  number  of  lines  on  the 
plane  make  u  iih  the  surface  of  the  cylinder.  The  line  of 
Intersection  can  then  be  drawn  through  these  pomu. 


414  «*2.   a.  The  plane  is  angular  to  the  axis  and  ail  elemenu  of 
}       the  cylinder.  ^ 

b.  The  plane  is  perpendicular  to  the  axis  of  the 
cylinder. 

c.  The  plane  is  parallel  to  the  axis  of  the  cylinder. 


414  •  3. 


414-4, 


The  shape  of  the  intersection  between  a  plane-itnd  a 
cone  is  determined  by  the  relationship  between  the " 
plane  and  the  axis,  or  to  the  elements  of  the  cone. 
See  figure  1.  The  side  view  is  shown  there.  The 
illustration  also^hows  the  lines  of  construction  used  to 
determine  the  view  and  the  intersection. 


Figtire  1.  Objective  414,  answer  for  exercise  4. 


415  •  I.   PlAW,  tingle-cufvcd,  warped,  and  double-curved.  ^ 

415-2.  Tbc  pruflf,  pyrtmidr  cylinder*  and  cone, 

4l3o.  TbctruelenithofaliDectnbcfoundby rcvohrtngihc 


line  paralkl  to  one  of  the  prindple  piibet  and  by 
measuring  its  projection  m  that  plane,  by  drawing  an 
auxiliaiyAiew  or  by  drawing  a  true-kngth  diagrani. 

416-  I.  See  figure  I 


t  Figure  2.  Objective  416,  aniwer  for  excrciac 
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3.  7  i  ' 


3Cr 


417  -  t.    Because  the  elements  of  these  forms  intersect  at  a^     417  .  2.   A  truncated  pyramid  is  formed  by  cutting  off  the  upper 
common  pomt.  portion  of  a  pyramid. 

417-3.   See  figure  4. 


CT 


Figure  4.  Objective  4 1 7,  answer  for  exercise  3. 


41S  •  1.   Thu  means  that  the  surface  is  assumed  to  be  made  up 

of  a  large  number  of  triangular  strips. 
418  •  I    Warped  surface;  oblique  cones. 


419-  I. 
419*1 

419*  3. 

419-4. 


4l9  .  5. 


CHAPTER  3 

A  member  is  a  unit  part  of  a  larger  structure. 
A  girder  is  a  heayy  member  spanmng  between 
^lumns. 

A  triiss  u  a  built-up  member  designed  to  support  toads 
over  long  spans. 

A  pier  resu  on  the  footmp  and  supporu  vertical 
columns  or  horizontal  girders;-  aiso  it  is  an 
intermediate  support  for  the  adjacent  ends  of  two 
bndge  section. 

A  joist  u  lighter  and  is  spaced  closer*  together.  The  ends 
of  joists  are  supported  by  beams. 

420  -  I.    Metal  connections  are  used  m  conjunction  with  bolts 
to  make  wood-to-wood  joinu  stronger. 

420  •  I  Tensile. 

42J  -  1.    Nature  and  size. 

421  •  I   Columns,  girders,  beanu*  and  jouts. 

421-  3    Synunetrical,  centerline. 

422  •  1.    Dimensions  must  always  be  checked  for  accuracy 
422  -  I   The  frequent  use  of  two  scales. 

422-  3.   A  skeleton  diagram  usually  coincides  with  the  front 

view  centerlinea  of  the  truss  members  and  shows  detail 
member  with  respect  to  the  other  niembers. 


423  -  1. 
423  2. 

423  -  3. 


424  -  t. 
424  -1 

424  -  3. 

425-  1. 
425-1 

425-3. 


425  -  4. 


426- 


426  -1 


Fabrication  is  the  process  of  cutting,  drilling,  and 
assembling  steel  parts  into'  members. 
Erection  drawinp  are  simplified,  small-scale  diagrams 
which  show  the  mark,  location,  and  position  of  each 
member  in  the  structure. 

Falsework  is  a  term  used  for  the  construction  of  a 
temporary  support  for  Urge  steel  s^ctures. 
Falsework  is  rarely  used  on  stmcturcs  Under  40^  high. 

Width  by  thickness  b^  length. 

Flange  width  by  stem  height  by  weight  per  foot  by 

length. 

Nomiiul  depth  by  weight  per^l^t  by  length. 

TnangtJlar  framing  and  rectangular  framing. 
Numben  are  auigned  to  lines  running  in  onedireaion 
and  letters  to  lines  running  at  right  angles. 
Triangular  framing  is  used  to  construct  bridges,  roof 
trusses,  etc.,  while  rectangular  framing  is  used  in 
buildings  or  other  structures  mainly  composed  of 
vertical  and  horizontal  members. 
A  heavy  line. 

Structural  members  are  usually  connected  by  small 
connectt9n  angles  which  arc  bolted,  nveted,  or  welded 
in  position. 

Beams  and  garden  are  detailed  honzon tally;  columns 
are  detailed  vertically.  ^ 
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427  - 1.   Shop  nvcts  tit  detailed  by  showing  the  ditmctcr  of  the 

nvethead,  while  Held  riveutredeuiled  by  showing  the 

diameter  of  the  nvet  shank. 
427  •  1   The  primary  reason  for  riveting  two  members  is  to 

transfer  a  load  from  one  to  the  other. 
427  •  3.   On  smaJI-Kak  drawings,  ccnterlines  may  be  used  to 

indicate  nvet  positions. 

42S  -  I.   A  weld  symbol  indicates  the  type  of  weld.  A  welding 
symbol  indicates  the  information  required. 

428-  1    Size  dimension  of  a  weld  is  shown  to  the  left  of  the 

symbol  and  weld  spaang  is  shown  to  the  right. 

429  •  l^c^lumns  are  poured  and  allowed  to  set,  so  shrinkage 
can  take  place  before  the  floor  system  is  pourfd. 

429-  1    Expansion  joints  arc  provided  in  large  concrete 

strtictures  to  allow  the  mass  to  expand  and  contract 
with  temperature  changes. 

429  -  3,   Thb  system  provides  a  greater  load-carrying  capacity 

for  a  given  amount  of  concrete  and  steel. 

430  -  I.    Because  it  shows  the  location  of  columns,  beams,  and 

jobts. 

430-  1    By  a  markmg  system  that  is  used  throughout. 

431  -  1.    Section  views  are  necessary  to  show  the  shape  of 

members  and  the  typical  arrangement  of  remforced 
steel. 

use  of  bolsters  or  chairs  is  indicated  in 
specifictions  or  in  ^eam  and  slab  schedules* 
The  inside  radius  of  the  hook  should  be  3M  inches. 


.431  - 1 

431  -3. 

432  -  I. 


*432. 
432  « 


The  term  **licd  columns'*  refers  to  verticaPreinforcmg 
rods  heW  together  at  specified  intervals  by  honzontal 
bars  or  ties. 

In  the  .^hedules.  ,  | 
The  nsc  of  a  stairway  is  the  vertical  disunce  betwccrf' 
floors  or  between/  a  floor  and  an  intermediate 
platform.  A  riser  i^  the  vertical  face  of  a  step. 

By  locating  the  ^mers  of  the  building  at  specific 
'  distances  from  established  reference  points. 
The  foundation. 

A  door  plan  is/a  cross-section  view  of  the  building. 
An  elevation  li  the' exterior  view  of  any  structure. 

434  -1.   No  view  should  be  called  deuil  unless  it  is  drawn 
enlarged  and  shows  construaion  features  clearly. 


433  -  I. 


433 
433 
433 


434-1 
434-  3. 
434  -  4. 

.435  -  I. 


435  -  1 


435  -  3. 


Foundations,  wslls.  doon.  an5  window  sections. 
Orthographic  and  pictorial. 
The  manufacturer. 

The  size  of  the  lettering  is  controlled  by  the  size  of  the 
object  in  relation  to  the  sue  of  the  drawing  paper  and 
the  amount  of  detail. 

Since  there  are  numerous  "'in-line**  dimensions,  a 
continuous  line  is  easier  and  faster  to  make  and  leaves 
less  chance  for  mistakes  m  reading. 
Dimension  to  the  center  line  of  partition  walls. 


436  -  1.  The  architect  scale  is  an  equation  scale  and  the 
dimensions  are  usually  expressed  in  feet  and  inches. 

436  -  2.  The  part  to  the  left  of  the  zero  is  called  the  extension 
scale,  the  part  to  the  right  the  primary  scale. 

436  •  3.  Size  of  the  object,  size  of  the  drawing  paper  and  the 
\  desircJo  show  details  clearly. 

436  -  4.  VMfphic  scales  are  generally  placed  on  drawings  where 
complete  dimensions  are  not  required.  Equation  scales 
are  usually  placed  directly  under  the  views.to^vhtch 
they  apply^ 

The  front  of  the  building  is  always  faced  toward  the 
bottom  edge  of  the  sheet 
It  IS  easier  to  correct  if  an  error  should  occur. 
Exterior  walls  are  dimensioned  from  comer  to  corner*, 
interior  walls  from  centerlme  to  centerline. 

The  floor  plan  is  used  to  VoJ^t  as  many  main  points 
of  the  building  as  possible. 
By  projecting  from  the  floor  plan.  ' 

Detail  drawings  are  then  placed  on  a  sheet  containing 
nothing  but  detail  drawings. 
Deuils  arescalftl  as  large  as  possible  ranging'/^'^^  TO' 
to  full  scale. 
Actual  size. 

To  explain  those  points  which  are  not  readily 
explamed  by  drawings. 

Pictonal.  wiring,  block,  and  schenutic  diagrams. 
A  polarity  sign  indicates  a  polarized  capaator. 
The  dashed  lines  indicate  mechanical  hnkage:  that  is. 
the  three  capacitors  rotate  together. 

Block  diagram^ 
Schematic. 
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4  l.MATCHANSWER  2,USENUMBEB10R 

SHEET  TO  THIS  NUMBER  2  PEN-CIL* 

STOP-  EXERCISE  NUM. 

BER. 

23151  03  21 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE     ^  ^ 

GRAPHICS  SPECIALIST 

Carefully  read  the  following: 
DO'S; 

1.  Check  the  "course"  "volume/'  and  "forpi"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
righlhand  column  of  the  shipping  list.  If  numbers  do  not  match, ^e  action 
to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a 
note  of  explanation. 

* 

2.  "Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 

to  column. 

3.  Use  a  medium  sharp  #1  or  #2  black  lead  pencil  for  marking  artswer  sheet. 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  ai'e  sure  of  your 
answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the' answer  sheet,  be  sure^thal  the  erasure  is  complete.  Use  a  clean  eraser. 
But  try  to  avoid  any  erasure  on  the  answer  ^shcet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference.  . 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntctrily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 
Form  17. 

DONTS: 

1.  *Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

^2.    Don't  mark  on  the  answer  sheet  except  to  fill  in  marking*^  blocks.  Double 
^        marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 
errors.  . 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  soeet. 

4.  Don't  use  ink  or  any  marking  other  than  a  #1  or  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED 
ON  THE  VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  each 
item  number  on  the  VRE  is  the  Learning  Objective  Number  where  the 
answer  to  that  item  can  be. located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicatedJjy  these  Numbers,  The 
VRE  results  will  be  sent  to  you  on  a  postcard  which  will  list  the  actual 
VRE  items  you  missed.  Go  to  the  VRB  booklet  and  locate  the  Learning 
t  Objective  Numbers  for  the  items  missed.  Go^  to  the  text  and  carefully 

review  the  areas  covered  by  th^se  references.  Review  the  entire  VRE  a^ain 
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Multiple  Choice 

'400)    Which  of  the  follow ii^g  fasteners  are  not  classified  as  permanent? 


Mails. 
Set  screws. 


c .  '  Rivets. 

d.  Wood  screws. 


2.     (^00)    Which  of  the  following  nails  has  the  smallest  diameter? 


a>.  Box. 

b. .  Casing.  / 

(hOI)    An  example  of  a  helix  is  a 


c.  Common, 

d.  Finishing. 


a,  nail, 

b.  brad. 


c.  spring. 

d.  ri^>et. 


5. 


(i+Ol)    In  basic  screw  thread  terminology,  pitch  means  the 

a.  distance  from  any  point  on  a  thread  to  the  corresponding  point  on  an 
adjacent  thread,  measured  parallel  to  the  axis. 

b.  angle  the  he)ix  makes  with  a  plane  petpendicular  to  the  axis  of  the  screw. 

c.  distance  a  ^ew  moves  along  its 'axis  during  one  complete  turn. 

d.  distance  b^ween  the  root  and  crest  of  a  thread,  measured  perpendicular 
to-  the  axis. 

*  (402)    Twl  lead  of  a  single  thread  is  equal  to  the  pitch,  the  lead  pf  a 
triple  thread  is  equal, to  ,>  '       .  ' 

4  ^ 

a.  one  and  one-half  times 'the  pitch. 

b.  tnree  times  th«  pitch. 

c.  -six  times  the  pitch t  ^  ' 

d.  the  same  pitch  as  a  single  thread! 

(it02)    What  type  of  thread  is  designed  to  take  except ionaUy  h^h  stress  in 
one  direction  only?  .  ,  .  . 


^0. 


^.  Buttress, 
b.    Square.  . 


c.  , Sharp  V, 

d.  American  National. 


(40^)  *  Where  drawing  threads  Is  concerned,  what  is  t^e  only  difference  b^tveen 
r,igh|-hand  knd  left-hand  threads?      .  '  ^      .  ' 

a.  *    The  difference  in  heads.  "  ' 

b.  The  difference  in'thread  slant.  •         ^'  ^ 

c.  The  use  of  thicker  lines  for  right-hand  threads, 
d!    The  letters  "RH"  and  "LH"  marking  the  respective  threads. 

(U03|)    What  type  of  semiconventional  thread  ^quires,  two  sets  of  three 
parallel  lines? 


a .  iV-threads . 

b.  (Square  threads. 


c.  '  Acme  threads . 

d.  Regular  threads. 


(i+oi)  Simplified  thread  symbols  are  used  on  drawings  when  speed  is  essential 
andltne  projected  view  of  the  thread  is  *  . 


a; 
b. 


c.  '   1  1/2  inches  in  diameter, 

d.  1  inch  or  , less  in  diameter. 


a.  2  finches  in  diameter. 

b.  ^over  1  inch  in^diameter. 

S(>»^*k)  Which  thread  Wies  is  used  for  soft  materials  and  in  designs  where 
fapLd  engagement  is  desirable? 


rioe  peries. 
Coaibse  series .  ^ 


c.  Extra-fine  series. 

d.  16-thread  series.* 
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11.  (uOi*)    Wnich  thread  series  serves  as  a  continuation  of  the  extra-fine  series 
for  sizes  over  1  3/4  inches  in- di^ameter? 

a.  8-thread  series.  c.    14-thread  series. 

b.  12-tnread  series.  ,  -d.    16- thread  series. 

12.  (iiOu)    Which  of  the  four  classes  of  threads  has  the  loosest  fit? 

a.  ;  Class  1  fit.         ^  ^  *  c.    Class  3  fit. 

b.  Class  2  fit.         '  d.    Class  t|  fit. 

13.  (UOu)    Both  internal  and  external  threads  are  tapered  on  a  standard  pipe 
thread  to 

a.  mak^  assembly  easy.  c.    make  nuts  unnecessary. 

b.  insure  a  tight  joint.  d.    prevent  damage  to  the  pipe's. 

1^.  Nuts  and  bolts  are  classified  by  series  as  light,  regular,  and  heavy. 

They  are  further  classified  by  ^  ^ 

a.  color.  '  ^    c.  finish. 

b.  length. .  d.    head  shape. 

15.     ('^OS)    Specifications  for  bolts  on  drawings  or  parts  lists  must  include  ', '  . 

^all  of  the  following  except  the 

a.  series.  c.    diameter.  .  -  *  , 

b.  length.  d.    head  type. 

15.    (1*06)    Cap  screws  are  designed  to  serve  the  same  function' as 

d  ^  '  ' 

a.  set  screw.  c.  nails. 

b.  brads.    ^  *  d.    bolts.  .  ^" 

l/.    (406)    Which  of  the  following  screws  are  used  to  prevent  rotary -motion' between 
.two  parts,  such  as  a  pulley  mounted  on  a  shaft?  '  -  .       •    «  ^,  ^ 

-  ^  -       .  N 

a.  Cap  screws.  -    -    c.    Machine  ^?crews.  '  ''^ 

b.  Set  screwd.  d.    Screws  with  class  3  fit. 

18.  >(U07)    Which  of  the  following  kf:iys  are  not  American  Standard?    \       *  *  * 

a.  Flat  keys.      ^       -  '      c.    Patented  keys. 

b.  Taper  keys.  '    .   '  d.    Gib -head  keys. 

19.  (''*07J    Which'  of  the  following  terms  does  not  re^er  to  a  type  of  ^vifCig^.  ^ 


a.  Taper.  '  U  Tension,  *  \ 

b.  Torsion.  j*  d.    Compres-sion . 

(t|08)    In  order  for      spur  gear  and  pinion  to  mesh,  they  must  have 

^        a.  teeth  of  the  same  form. 

b.  the  same  circular  pitch. 

c.  an  integraT^ (whole)  number  of  teeth  for  each. 

d.  all  of  the  above  characteristi<:s. 

21,     (^+08)    The  size  of  a  spur  gear  base  circle  is  determined  by  the 

a.  pitch  circle  diameter.  c.    pressure  angle. 

b.  common  perpendicular.  d.    tooth  curve. 
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22.  («+08>    To  draw  a  rack,  you  must  know 

a.    the  number  of  teeth.  c.    the  tooth  depth. 

,  b.    t-he  linear  pitch.  ^     d.  "all  of  the  above. 

23.  (409)    In  the  terminology  associated  with  bevel  gears,  what  do.^s  the  term 
"cutting  angle"  mea.n?' 

'  -  ^ 

a.  The  pitch  cone  angle  minus  the  dedendam  angle. 

b.  The  angle  formed  by  an  element  of  the  pitch  cone  and  the  cone  axis. 

c.  The  pitch  cone  angle  minus  the  addendum  angle. 

d.  The  angle  formed  by  an  element  of  the  edge  angle  and  the  cone  -axis. 
2^.    (t+09)    When 'drawing  a  bevel  gear,  you  obtain  -a  tooth  curve 

a.  from  a  plane  surface.  c.    from  the  developed  pit<2h  cone. 

b.  by  drawing  with  radial  lines.  d.    from  the  front  view  of  the  gear. 

25.    (^09)    When  drawing  a  bevel  ge'ar,  you  divide  the  circumference  of  the  pitch 
circle  by  the  number  of  ^eeth  in  th'e  gear^.    This  gives  you  the. value  of  the 

'a.    pitch  diameter.  *  c.    pitch  cone  radius'.' 

b.    pitch  cone  angle.  SI.    circular  pitch.. 

26.  (^10)    What  type  of  drawing  giVes  complete  informat^ion  ^for  the  manufacture  of 
a  component  part  of  an  assembly? 

a.  Detail  drawing.  -  c.    Modification  drawing. 

b.  Assembly  drawing.  •  d.    Assembly  working,  drawing. 

27.  (^10)    On  an  assembly  working  drawing,  each  piece  is 

a.  detailed.      .  ,  c.  sectional,. 

b.  full  size.  .  .     d.-    completely  dimensioned. 

28.  ^  (ulO)    Part  numbers  aijd  namfes  should  not  be  taken  from  which  of  the  following 

production  drawings?,  -     *      >       •  . 

,a-. ,  Wiring 'diagrams.  ;       ^       c.    Detail  dra^wings. 

b.    Assembly  drawings.     ,    •    >  d*./' Modification  drawings. 

.29.**^  C^lD'  The.  dhoice  of 'thj  scale  for  .a  machine  driwing  depends  upon  all  of  the 
fol]i9wing  excepit,  the  '  -  ^        -  ^  . 

,         a.    size  of  paper  Aised. 

b.    amount  of  lettering  to  be  added  to  the  view. 

c^    necessity  for -showing  small  detail^  clearly .  *       •     .  ' 

,  '    d.,  anioij|^pf  dimensioning  to  be  added  to  the  view. 

30.  C^ll)    vJhich  of  the  following  siz^s  is  not  usuall5^ used  for  machine  drawings? 

a.  Full  size,  c.    One-eigth  size.  . 

b.  One-half  size.  d.    One-sixteenth  size. 

31.  (412)    The  Revisions  block  on  a  drawing  is  used  to  show  all  of  the  Jfollowing  . 
except  ^  '  '  *  » 

a.    who  made  tlie  changes.  c.  •  why  the  changes  were  made. 

1     .     b.    what  changes  were  made.       .  *  d.    when  the  changes  were  made., 

32.  (m2)    On  a  machine  drawing,  the  name  of  the  part  of  structure,  the  scale  or 
"scales  used,  and  th^  name  or  initials-  of  the  draftsman  are  shown  in  the 

a.  '  title  block.  ,  c.    appli<?ation  section,  x. 

b.  Revision  block.  ^  d.    Quantity  Required  ;section. 
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33.  (413)    The  principal  planes  of  projection  incl-ude  ^ 

a.  frontal.  c.  horizontal. 

b.  profile.  ,        d.  all  of  the  above. 

34.  (413)    A  skew  lioe  is  inclined  to 


a.  all  principal  planes.  >  c.     the  fronl:al  plane  only. 

b.  the  horizontal  plane  only.  d.    the  profile  plane  only. 

35.     (4^)    The  intersection  of  two  skew. planes  is  determined  by  the 

a.  angle -of  one  of  the  planes.  '  \ 

b.  edge  of  the  inclined  surface  that  is  projecting. 

c.  joints  where  two  lines  on  one  plane  intersect  the  other  plane, 

d.  intersection  of  the  plane  in  the  principal  position. 

V, 


^  VRE  f^igure  1 

36.  (414)    The  illustration  shown  in  VRE  figure  1  represents  the  intersection  of 

a.  two  prisms.  <         .         c.    two  cylinders. 

b.  a* prism  and  cone.  d.    a  square  and  cone. 

37.  (415)    Ail  of  the  following  are  examples  of  a  double-curved  surface  except  the 

a.  spheroid.  c.  sphere. 

b.  pyramid.  d.  torus, 

38.  (415)    Which  of  the  following  is  not  one  of  the /our  most  common  developable 
forms?  '        ^  • 

a.  Cone .  c.'    Sphere . 

b.  Prism.    '  •  ^  \  d.    Pyramid.  ^ 

39.  (415)    A  single-curved  sig^face  is  ' 

a.  generatjed  by  a  straight  line  moving  in  contact  with  a  curve  in  such  a 
manner  that  any  two  successive  positions  of  the  generatrix'  either  intersect 
or  are  parallel. 

b.  a  ruled  surface  in  which  no  two  successive  positions  of -the  straightline 
generatrix  are  parallel  or  intersect  each  other. 

c.  generated  by  revolving  a  circle  in  a  circular  path  abcut  an  axis  which  is 
in  the  same  plane  as  ther  circle. 

d.  generated  by  moving  a  curved  line  in  accordance  with  some  mathematical  law. 

40.  (415)    If  the  lines 'that  represent  edges  of  the  surface  do  not  show  in  the 
drawing  in  true  length,  we  can  find  their  true  l^gth  by 

a.  revolving  the  lines.  ^        c.    drawing  true- length  diagrams. 

b.  drawing  an  auxiliaiy  view.       i        d.    any  of  the  above  methpds. 

41.  (M^6)    The  three  methods*  used  to  develop  surfaces  are  kni^wn  as 
a.    curved  line,  parallel  line,  and  radial  line. 

b'.    radial  line,  triangulatipn ,  and  cu^rved  line.  ,  ^ 

c.  parallel  line,  radial  line,  and  triangulation.  « 

d.  triangulation,  curved  line,  and  parallel  line. 
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42.  (^ip)    The  radial-line  method  is  appropriate  for  developing 

a.  prisms  and  .curves.  ^  '  c.    prisms  and  cylinders. 

b.  cones  and  pyramids.         *  d.    pyramids  and  cylinders. 

43.  (416)    To  develop  zhe  sur^face  of  a  pr;sm  or  cylinder,  you  must  know 

a.  the  true  length  of  tne  lateral  edges  or  elements. 

b.  the' perimeter  or  circumference  of  the  base  and  the  distance  on  this 
perimeter  between  each  pair  of  edges  or  elements. 

c.  the  true  shape  of  a  right  section  (perpendicular  to  the  axis)  and  the 
positions  of  the  lateral  edges  in  relation  to  the  right  section. 

d.  all  of  the  above  factors. 

*  .... 

44.  (417)    When  the  axis  of  a  pyramid"  is  perpendicular  to  the  base  plane,  the 
Q     pyramid  is  called 


a.  a  frustum. 

b.  a  right  pyramid. 


c.  an  oblique  pyrami-d. 

d.  a  truncated  pyramid. 


45. 


(417)    When  the  cutting  plane  is  parallel  t(o  the  base  planfe  of  a  pyramid, 
the  portion-  of  the  pyramid  remaining  between  the  base  plaije  and  the  cui;ting 


plane  is  called  a 

a.  frustum. 

b.  right  section. 


c.  left  section. 

d.  right  cone. 


.'45. 


(418)  The  most  common  and  best  rr,ethod  for  approximate  development  of 
nondeve^opable  surfaces  is  called 


a.  radial  line  development. 

b.  parallel 'line  development. 


^  'c.    triangulaiCion  development. 

*    d.     double-curved  surface  development. 


47. 


(418)  Triangulatibn  development  is  used  for  all  of  the  following  ^uff&ces 
except       '  ,  ' 


a.  spheres. 

b .  oblique  cones. 


'48.     (419)    In  structural  drawing,  a  memiSer  is 

a.  a  unit  part  of  a  larger  .structur^^ 

b.  never  a  part  of  the  framework. 

c.  always  composed  of  one  part. 

d.  never  part  of  a  truss.  •  \ 


c.  warped  surfaces. 

d.  <^lique  pyramids. 


49. 


50. 


•51. 


(419)  The  strongest',  member  of 'a'' floor  system  is*  the 

\   '  ^  .       .  ^ 

.a.    beam.  -  '  'c  *  gi^der\ 

b.    truss.  ;  d-    ^^^^^'^  ^'  '       I  ' 

(420)  Speoialiy  shaped  cast  iron  or  pressed  steel  blocks  are  used  with  heavy 
wood ' framing  to 

a.    take  tensile  stresses*.  ^  ^  -  s 

'b.    coiinect  single  piece  members  toge'ther  at  joints.  , 
'c.    increase  the  bearing  area  on  the  wood, 
dl)  connect  double  piece  members  ^together  at  joints. 

'  .  S 

(420)    Steel  plates  used  to  connect  and  reinforce  framing  joints  are  called 


a.  piers. 

b.  joists. 


c.  itrussess. 

d.  battens  or  gussets. 
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bJ.'    (^21)    Ir!  ^tructuiai  drafting;,  ir  a  tru:-^-.  (/r 'otri^-^r  idrr--  .'tc-nb-^r       ^yrr.mo erica  1 
about  its  centcrline,  it  is  cu^^tomary  to  show  '  j 

a.  only  the  rijnt  naif.  *  ' 

D.  all  of  tnt  inportant  dotaiia.    *  * 

c.  only  tne  left  half.  .  *  , 

d.  a  partial  view  stopped  exactly  on  zh*^  c-.'nt-Tlin'^ .    *  v.  ^ 

53.    (^21)  vertical  members,  such  as  column c ,  are  too  long  to  be  pLic-^d  ♦ 

upright  on  tne  sneer,  they  are  drawn  in 

a.  a- sina^ller  scale, 

b.  two .vertical  sections. 

c.  a  horizontal  position  with  the  oase  at  the  rignt  side. 

d.  a  horizontal  position  with  the  base  at  the  left  side. 

5^.     (^22)    Which  of  the  following  statements  is  true  concerning  ii-riensioning  of 
wood  structures?  *  ^ 

a.  Dimension's  can  be*appi;oximations .  '  /  ^ 

b.  Dimensions  must  always -be  checked  for  accjiracy,.  x 

c.  Workn^.ar;  must  perform  simple  mathematical  co^nputa ticns  .  . 

d.  Notes  and  dimensions  are  not  necessary  for  the  wor'Kr.an  to  get  the  needed 
inf  orrnat  ion .  ^ 


(^22)    In  Maying  structural  drawings,  you  shoul:! 


use 


a.  an  architect's  scaljfe.  c.    a  full-diviaed  scale. 

b.  a  civil  engineer's  scale.  d*.    a  mechanical  engineer's  scale. 

56.  (423)    rabricatior.  drawings  are  ofter.  called 

a.  plan  views.  r,     profile  draw'ings . 

b.  framing  plans.  ^  d.     sncp  detail  drawings. 

57.  iu23)    Small-scale  drawings  which  show  tne  mark,  location,  and  position  of 
each^member  in  the  structure  are  called  \ 

a.  plan  diagrams.  c.     falsework  diagrams.  C  ^ 

b.  erection  drawings.  d.    location  drawings. 

58.  (^23)    Falsework  plans  are  prepared  to  show  the  ri^etncd  of  constructing  temporary 
supports  needed  in  the  construction  of  all  of  the  fcllowirg  except 

a.  bridges.  '  .  c.     buildings  undej;'  40  feet  itigh .  ^ 

b,  large  steel  structures.  d.    reinfprced  concrete  structures,. 

"59.     (U2U)  •  V^hen  tne  dimensions  for  angles^^ife  written,*  bulb  angles  are  specified  by 

a  y  name .  c.    thickness .  *  \ 

b.     symbol.^  d.  'Weight  per  linear  inch. 

60.  (LI-2U)    Squfire  and  round  bars  are  specified  by  giving  al^  of  the  following  except 

a.  size.  »  c*  symbol. 

b.  weight.         \  d.     length.  n 

61.  (r^2^)    Flat  bars  are  specified  by  giving  all  of  the  following  except  • 

  — ^ 

a .    width .  *  c .  length, 

.b.    thickness.  »  d.  symbol* 
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Standard  oeams  are  generally  called 

a.  angles.  c'  I-lspams. 

b.  channels.  wi^e -flange  beams, 

(424)  'vftiicn  of  the  following  ar,^  made  by  cutting  standard  I-bearas  through  the 
center  of  their  web? 

a      Bars.*  *  Structurai  tees . 

y    j^iis.   .  .       '  ^'    Wi$ie  ^flan^  beacns, 

(425.)    '»^at  are  the  two  rnajor  types  of,  framing? 

>  f 

a.    Square  and  oval.  c/    Rectangular  and  'square,  • 

b<    Triangular  and  square,  d.    Triangular  apd  rectangular, 

(425)  Wall-bearing  framing,  beam-and-column  frapiing,  and  long-span  framing 
are  subdivisions  of  •     '  j 

a      square  framing.  \  'c\    falsework  framing.  ;  Cy' 

b\    rectangular  framing.  d?    triangular  framing. 

(426)  Stiffener  angles  and  filler  plates  are  added  to  members ^to 

a.    increase  the  load-carrying  capacity  the  seat.  *  ♦ 

D.  *  prevent  movement  of  the  beams. 

c.  /increase  the  load-parrying  capacity  of|the  beams. 

d.  ' prevent' movement  of  the  seat.  j 

(426)  The  usual  methpd  of  connecting  one  structural  memb^V  to  anoth'er  is  by 
means  or  > 

a.  lao  joints.  c.  wood  screws.  , 

b.  set  screws.  ^  d.  small  conrTection  angles. 

(427)  -vihen  rivet  symbols  are  shown >n  detail  drawings,  the  diameter  of  the 

shank  is  used  for 
\ 

a.  shop  rivets. ^  c.     rivet  heads, 

b.  field  rivets.  '        d-     all  rivets. 

(427)   .The  primary  reason  for  riveting  two  structural  members  togetlier  is  to 

a.  make  them  stronger.  \ 

b.  allow  them  to  expand  and  contract. 

c.  -gransfer  a  load  from  one  member  to  the  other, 
d. 


yansfer  a  load  frc 
Equalize  the  load. 

•27)    Edge  distance  h 


(427  )    Edge  distance  is  the  ^  ^ 

a.  perpendicular  d^istance  from  the  edge  of  a  shaped  men^ber  to  the  center  of 

the  nearest  rivet.  ^  ,        "    u  ^ 

b.  clearance  between  the  head,  of  any  rivet  to  be  driven  and  any  other  part 
of  the  structural'  member.  ^  -        n    -  ^ 

c      distance  between  the  centers  of  consecutive  rivets  in  a  line  of  rivets, 
d.    perpendicular  distance  ftom  the  center  of  a  rivet  to  ,the  flange  edge. 

(427)    The  factors  which  must  be  considered  in  the  spacing  of  rivets  include 

*a.  edge  distance.  ' 

b.  head  clearance.  ,         ^  ^ 

c.  distance  between  gagelines  and  pitchlines: 

d.  all  of  the  above.*  ^ 
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73. 


71+ . 


75. 


76. 


(u28)    One  advantage  of  using- welding  to  make  permanent  fast^pings  in  steel 
structures  is  that 

a.  no  framing  is  ever  neede4. 

b.  parts  can  be  joined  in  almost  any  position*  in  relation  to  each  other  and 
the  joint  will  be  equal  in  , strength  to  a  riveted  connection. 

c.  beams  and  columns  can  be  welded  directly  to 'each  other. 

d.  parts  can  be  joined  in  any  position  in  relatipn  to  each  other  and  the' 
^^o^iij^?  will  be  stronger  than  a  riveted  conne-ction. 

(u28)    If  the  legend  on  a  ^drawing  includes  sample  joints  and  their  significant 
symbols  to  give  the  standards  for  the  job, 

a.  dimensions  on  symbols  for  nonstandard  joints,  are  omitted. 

b.  the  tail  on  an  arrow  should  not  be  Omitted. 

c.  dimensions  on  symbols  for  standard  joints  may  be  omitted. 

d.  inch  and  degree  mark^  are  included  in  the  symbpls  in  most  drawings. 

(429)   .Why  are  columns  poured  and  allowed  to  set  before  the  floo^ system  is 
poured?  * 

a.  To  allow  shrinkage^  to  take  place  in  the  column^. 

b.  So  that  the  column  form  can^be  removed  and  used  elsewhere. 

c.  To  prevent  the  floor  from  crackin^g  at  the  joints. 

d.  So  that  the  floop  can  be  construcjCed  with  one  continuou^p  pour .  ^ 

(429)  Inl  the  plans  for  a  concrete  structure,  possible  locations  of  construction 
joints  ^re 


a.  drawn  in  *a  vertical  plane. 

b.  determined  by  the  builder. 


c.  indicated  by  heavy^ lines. 

d.  indicated  by  symbols. 


(429)  Which  system  of  reinforced  concrete  fioor  const^ruct ion  provides  the 
greatest  load-carrying  capacity  for  a  given  amount  of  concrete  and  steel? 


a. "    Flat  &Iab  system. 

b.  One-way  joist  system. 


c.  ^eam  and  girder  system. 

d.  Two-way  joist  system. 


77.  (429)^   The  first  step  in  drawing  a  floor  framing  plan  is  to  ^ 

a.  draw  in  columns,  beams,  and  interior  walls. 

b.  show  the  location  of  passageways  for  piping  and  electrical  conduit. 

c.  establish  the  outside  lines  o^  the  floor,  exterior  wall  thickness,  and 
column  centerlines.  ^  • 

d.  assign  marks  to  beams  and  joists  and  indicate  the  sp3n  and  area  covered  by 
each  type  of  joist.  -         '  , 

78. *    (430)     In  a  floor  framing  plan  for  concrete  construction,  if  the  joists  are 

not  outlined,  their  y 

a.  location  may  ^be  coded.  "  ^ 

b.  direction  should  be  indicated  by  arrows. 

c.  spacing  and  size  may  be  shown  with  dashed  lines  and  arrows. 

'  d.  location,  span,  and  area  covered  may  be  shown  with  solidl^lines  and  arrows. 

79.  (431)    When  ^king  a  drawing  of  a  concrete  structure,  you  must  show  how 
reinforcing  Should  be  placed  so  that  the  members  will  withstand  the  load  tbey 
must  carry.    This  information  is  given  in       ,  '  , 
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a.  framing  plans. 

b .  general  views  . 


c.  cutaway  ^aews. 

d.  section  v^ews. 


ERIC 


38J 


a,  window  ana  door  sizes.  c.    allowances  , for  dlsign  changes. 

b.  c^jinsn^'uct ion  ppocedures.  d.    the  location  of  wall  openings. 
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80.  (431)    The  rrain  s-teel  reinforcing  of  a  cor.crete  beam  is  ^lacfed  near  the  oottor. 
of  tne  oeam  to  resist  -  *  e 

a.    shear  stresses.  '  ,  c.    tensile  stresses. 

D.    torsion  stresses.  d.    corripr*essive  stresses. 

* 

81.  (432)    In  stairway  con^txxu^tioTi,  the 'total '  height  fron  floor  to  •rl:cr  cr  rre 
height  from  a  floor  to  an  intemecjiate.  platform  is  called  t^^e^ 

a.  run.       *  c.    riser.  ^ 

b.  '  ^?ise.  ^  n  -        *  d;  tread. 

*> 

*v.  ^  '  ^ 

82.  (432X    ln''*oon Crete  column  construction,  the  amount  of  lap  of  vertical 
reinforcing  steel  bars  fs  determined*  by 

a^     the  grade  of  the  steel.  ,  c.    the  strength  of  the  concrete. 

,b.     the  size  of  the^-s.tee]|^.  d.    all  of  the  above  factors. 

83.  (433).    An  architectural  draving  involving  only  horizontal  dimensions  of  width 
and  depth  is ,  .  ' 

a.  a  plan  view.  .  c.    an  elevation  view. 

b.  a  front  view.  ,  d.   'a  oersoective  view.  . 

J  '  '  '    '  - 

34..   (*433)    Elevations  are  exterior  views  of  a  structure,  and  they  nay  be  taker,  frorr 
'  ^  *  ' 

a.  'the  front.  .  '  c.    the  rignt  or  left  side. 

b.  -the  rear.,  d.    any  of  the  above. 

35."   (434)    To  be  called  a  detail,  a. view  must  be 

a.  drawn  to  an  enlarged  scale  to  show  construction  features  mere  clearly. 

b.  .    developed  in  orthographic  projection.  ^  ^  ^  , 

c.  drawn  to  a  smaller  scale  to  show  more  details*. 

d.  firawn  to  show  ail  hidden  lines'. 

86*    (43*5)'   Which  method  of  lettering  on  architectural  drawings  is  usually  fastest? 

a.  '?reenand.  'c-  Typewriter.  \ 

b.  T^^mplate.  d.    Lettering  machine. 

87.  (43^)    Which  of  the  following  is  a  correct' statement  concerning  architectural 
.drawings? 

a.     Dimension  lines  are  broken  between  extension  lines, 
b'.     EK^mension  lines  are  always  given  in  feet  and  inches. 

c.  Dimensions  of  sections  and  detail  views  are  repeated  on  other  views.  * 
(i.    Dimensions  of  all  'doors  and  windows  are  standard. 

88.  (435)    Why  are  center-to-center  location  dimensions  used  on  architectural 
di?awings?  ^  ^ 

a.  They  are  more  accurate.  •  ,      ,  -/  ^ 

b. *    Construction  plans  are  usually' changed . 

c.  To  allow  for  variations  ^  size  of  building  material's.    ,  "  i 

d.  "  ,To  prevent  aiistakes  in  constructing  wall,  open ings  .and  in  locating  columns.  /' 

*a9.     (435)     In  general,  your  dimensioning  of  any  work  drawing  is  governed  by 
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90.  (436)    If  a  detail  view  is  drawn  to  th^  3/4"  =  I'O"  scale,  what  ip  the  size 
of  the  detail  in  relation  to  the  actual  size  of  the  object? 

a.  3/4  actual  size.  c.   '•l/a  actual  size.  ^ 

b.  1/4  actual  size.  ^  ~  d.    1/16  actuai.size.  -  »  •  ^ 

91.  (436)    The  relationship  of  the  drawn  figure  to  the  true  size  of  the  sti^ucture 
is  expressed  as 

a.  an  equation.  c.    a  half-size  s6ale  of  the  drawing. 

b.  ^a  general  scale.  d.    a  full-3i»ze  scale  of  the  -drawing.' 

92.  (436)    After  a  view  is  drawn,*  dimensioned^  ^and  given  a  title,  you  should 
always  complete  the  drawing  by  ^  •      *     ^      >r-  * 

a.  placing  a  graphic  scale  on  the  sheat. 

b.  initialing  the  drawing  in  the  bottom  left  corner. 

c.  indicating  the  scale  to  which  the  view  is  drawn. 

d.  initialing  the  drawing  in  the  bottom  right  comer. 

93.  (437)    What  is  the  overall  size  of  a  building  if  the  floct'  plan  is  20"  x  25" 
and  the  scale  used  is  5/8"  =  1^0"?  \ 

a.  27'  X  33' .  c.     40'  X  50' . 

b.  32'  X  40\  ,  d.     53^  X  66^^  . 

94.  (437)    Vnen  you  draw  a  floor  plan,  which  of  the  following  lines  should  be 
heaviest  after  the  linesf^are  brought  to  the  correct  weight? 


a.    Cutting  plane  lities .  ^       c.  Centeriines. 

h       Rnnf  outlines.  » 


b.    Roof  outlines.  ^       d.    Wall  outlines. 

95.  (438)    On  an  elevation  view,  the  lightest  lines  should  be  those  represent;ing 

a.  doors.  -  trim- lines. 

b.  windows.*  '  d.    shingle^  and  aiding. 

96.  (43g)    On  an  elevation  drawing,  glass  i^s  symbolized  by 

a.  light,  vertical  shade  lines.  c.    scattered  dots. 

b,  diagonal  straight  lines.  ^     d.    dashed  lines. 

^  *  *  • 

97.  (439)    It  is  necessary  to  use  a  reference  on  the  main  .drawing  to  tell  where^ 
the  required  detail  may  be. found  when  the 

a.  scale  is  small. 

b.  elevation  view  overlaps  the  floor  plan.         ,„^,g^  "  • 
.  c.  detail  drawings  are  placed  on  a  separate  sheet. 

d.  detail  drawings  are  omitted  from  the  first  set  of  plans. 

4b.  (439)  In  a  drawing  which  shows  a  cornice  detail  and  a  sill  section,  you  should 
j         develop  the  «  ^ 

a.  ,   sill  section  first. 

b.  ^  cornice  detail  first. 

c.  cornice  detail  and  the  sill  section  detail  together. 

d.  details  after  all  dimensioning  has  been  put  in.      ^        ^  ^ 

99  .    (439)    Bulletins  and  p^phlets  dealing  with  many  practical  aspe<^ts  of  building 
construction  may  be  qbtained  from  ^ 

a.     the  Federa.l  Housing  Administration. 
b*     the  National  Bureau  of  Stan^dards. 

c.  the  Govemment  Printing  Office.  ^  '  . 

d.  all  of  the  above; 

\  ,  11  . 
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IQO.    (439)    Written  specifications  for  a  proposed  building  cover  all  df  the  following 
except  .the  .  '  . 

a.  type  and  quality  of  material.    '      c.    methods  of  construction. 

b.  cost  of  material  and  labor.         '     d.    ir>spection  of  work. 

131.  •  (440)    Which  of  the  following  is  not  a  main  type  of  electrical  and  electronic 

drawings?  ,  ^  •  ^ 

a.    Highway  diagram.  ,      c.    ^henatic' diagram . 

'    *     b.    Block  diagram.  •             d^    Wiring  diagram. 

102.  (440)    Which  of  the  following  statements  concerning  pictorial  drawings  is  not 
correct?  ^   .                   .  • 

a.  The  location s--jOf  comfjpnents  ar$  shown. 

b.  The  lines  representing:  wij^es  are  drawn  slightly  lijghter  than  visible 
outlines.  ^  -  - 

c.  The  positions  of  connecting  wires  are  shown. 

d.  A  pictorial  outline  may  be  use\^  t'o^  provide  a  background  for  a  wiring 
circuit.  ^  .  i 

103.  (441)    What  type  of  diagram  shows  the  function  of  a  unit  or  complete  system* 
in  simplified  f<3rm?  ,  t 

a.    Block  diagram.'  c.    Wiring  diagram, 

b'.    Pictorial  drawing.  '  •         d.     Schematic  diagram. 

104.  (441)    Which  type  of  electrical  or  electronic  diagram  is  most  often  seen  on" 
firngineering  drafting  boards? 

X 

a.  Block.  '   c.  Schematic. 

b.  Wiring^  *       .  d.     Interconnect' ion.  ^ 

105.  (441)    Which  of  the  following  statements  concerning  the  preparation  of  a 
schematic  diagram  is  not  correct? 

a.  The  weiglvt  of »a  line  has  no-bearing  on  the  meaning' of  a  symbol. 

b.  Symools  should  be  unifornfly  spaced  throughout  the  drawing, 
ci    T.he  signal  path  is  usually  from  left  to  right, 
d.    The  orientation  of  a  symbol  changes  its  meaning. 
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Preface 

IN  THIS  VOLuilE,  the  study  of  basic  form,  layout  and  composition,  human 
form,  cartoons  and  caricatures,  and  landscapes,  all  deal  with  the  drawing  of 
form  and  how  to  construct  a  basic  layout 

Most  of  the  drawings  in  this  volume  are  plate  on  basic  construction. 
\  Foldouts  1  through  12  are  oversized  figures  and  are  therefore  printed  and 
^^bound  as  a  separate  inclosure  to  this  volume.  Whenever  you  are  referred  to 
^  one  of  these  foldouts,  please  turn  to  the  separate  inclosure  and/!bcate  it  ' 

This  CDC  also  contains  Behavioral  Objectives  designed/  to  help  you 
understand  what  the  subjects  are  all  about  Studying  the  text  and  achieving 
the  objectives  will  give  you  the  fundamental  knowledge  you  need  to  perform 
as  a  graphic  specialist  Guided  by  the  Behavioral  Objectives,  answer  the 
*  exercises  for  Cjach  chapter.  Then,  refer  to  the  answer  section  in  the  back  of 
the  volume  ano^check  your  answers. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
the  text,. or  recommendations  for  its  improvement,  send  theqji  to  Tech  TNG 
Cen  TTOC,  Lowry  AFB  CO  80230. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any 
of  ECrs  instructional  aids  (Your  Key  to  Career  Development,  Behavioral 
Objective  Exercises,  Volume  Review  Exercise,  and  Course  Exaxnination), 
consult  your  education  officer,  training  officei*  or  NCO  as  appropriate.  If  he 
can^t  answer  your  questions,  send  them  to  ECI,  Gunter  AFS  AL  36118, 
preferably  on  ECI  Form  17,  Student  Request  for  i*sistance. 

This  volume  is  valued  at  6  hours  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  cxirrent  as  of 
May  1974. 
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NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives. 
Each  of  these  carries  a^-digit  number  and  is  in  boldface  type.  Each  sets  a-leaming  goal  for 
you.  The  text  that  follows  the  objective  gives  you  the  information  you  need  to  reach  that 
•goal.  The  exercises  following  the  information  give  you  a  check  on  your  achievement.  When 
ypu  complete  them,  see  if  your  answers  match  those  in  the  back  of  this  volume.  If  your 
respoiise  to  an  exercise  is  incorrect,  review  the  objettive^^d  its  text- 


Basic  Form 


FORM  THE  SHAPE  and  structure  of 
anything  and  everything  that  exists  in  this 
world.  When  we  talk  about  form,  we  generally  ^ 
think  of  a  three-dimensional  shape— with 
height,  width,  and  deptlv  When  starting  an 
illustration,  all  form  should  be  thought  of  as 
solid  and  basic. 

1-1.  Form 

Form  exists  because  all  things  have  mass,  they 
occupy  space,  and  have  an  appearance  that 
you  can  **feer'  without  touching. 

600.  Define  and  characterize  basic  form. 

Form.  Every  object  that  exists 
anywhere— from  aardvarks  to  zebras— has 
form.  Any  picture  you  draw  taust  be  drawn 
so  that  the  illustration  is  a  convincing  illusion 
of  real  form.  For  this  reason,  we  teach  the 
basic  principle  of  411  drawn  form  as  being 
solid  form.  When  you  understand  this 
principle  and  that  everything  has  a  top, 
bottom,  and  sides— a  small  step  in 
understanding  all  biislc  *fonn  will  have  been 
accomplished.  Most  drawings  that  lack  these 
fundamentals  seem  flat  and  lifeless. 

Starting  with  thi^-  section  we  are  going  to 
show  you  and  teach  you  the  principles  of 
drawing  objects  so  that  they  look  solid,  as  if 
^  they  really  existed.  You  will  be  shown  how  to 
make  each  object  look  near -or  far,  and  to 
l^pentuate  its  form  by  the  proper  use  of  light 
shade.  When  you  understand  these 
principles  of  form  drawing  and  are  able  to 
apply  them  to  any  illustration— the  art  world 
is  your  oyster. 


2.  How  should  all  objects  be  drawn? 


Exercises  (600): 

1.  All  form  is  drawn  as . 


form. 


601.  Describe  and  draw  the  four  basic  forms. 

Four 'Basic  Forms.  The  four  basic  forms  are 
the  ^sphere,  the  cylinder,  the  cone,  and  the 
cube  as  shown  in  figure  1-1.  Gifted  artists 
perceived  long  ago  that  all  things  can  be 
reduced  to  one  of  the  four  basic  forms— or/ 
modifications  or  combinations  of  one  or  more! 
of  these  basic  shapes.  They  found  that  all 
objects,  no  matter  how  complicated  or 
sophisticated  they  may  appear  at  first  glance, 
are  basically  made  up  of  the  sphere,  the  cone, 
the  cylindej,  the  cube,  or  some  Combination 
of  these  shapes.  When  you  learn  to  draw  these 
forms  and  combine  them  where  necessary  you 
can  draw  anything  you  see  or  can  iniagine. 

The  principle  of  drawing  form  is  the 
backbone  or  foundation  of  your  training.  You 
will  be  reipiinded  of-  form  at  every 
opportunity.  Naturally,  you  are  not  expected 
to  master  tiie  drawing  of  basic  form  in  one  or 
two  sessions,  but  as  time  goes  on,  and  with  a 
minimum  amount  of  practice,  you  are 
expected  to  get  the  idea.  When  you  first 
realize  how  to  see  basic  forms  in  everything 
you  come  in  contact  with  daily,  you  then  will 
realize  how  profoundly  form  influences  your 
thinking  and  improves  your  drawing. 

When  th^sense  of  using  fom^ras  a  base,  and 
the  teei  of  solid  form  becomes  second  nature 
to  you,  you  will  be  thinking  like  an  artist.  All 
the  things  your  draw  will  be  convincing  and 
you  will  receive  great  satisfaction  in  your 
accomplishments.  See  foldout  1  (printed  as  a 
separate  supplement  to  this  volume). 
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Exercises  (601): 

1.  What  are  the  four  bfisic  forms? 


2.  What  is  the  foimdation  of  all  art? 


1-2.  Form  in  Depth 

In  showing  you  how  to  draw  form,  it 
would  help  if  you  also v viewed  the  object  in 
your  picture  wittf  a  sense  of  reality.  All 
pictures  should  have  the  feeling  of  being 
.  three-dimensional,  particularly  the  dimension 
of  depth. 

# 

^02.  Define  form  in  depth  and  explain 
**drawing  throu^^'* 

The  Dimension  of  ^epth.  Depth  is  the 
dimension  that  create*^  the  illusion  of  a 
three-dimensional  object  drawn  at  a 
two-dimensional  surface.  Sijice  your  drawing 
ps^jer  is  a  flat  two-dimensional  surface,  the 
one  dimension  that  you  strive  for  is  depth. 

To  draw  depth,  Vou  must  sense  the  mass 
and  substance  of  the  object  being  drawn.  To 
draw  a  convincing  illusion  of  any  object,  the 
basic  form  of  the  object  must  be  seen  to 
extend  back  into  the  space  you  have  created 
for  your  picture.  All  si^es  of  the  object  mu^t 
be  d]^awn,  not  just  the  flat  outline—this  is 
called  otaiy/n^  through. 

Drawiiig  through  is  the  one  principle  that 
makes  your  picture  look  real  and  convincing 
even  if  the  actual  drawing  is  not  the  greatest. 
In  figure  1-2  are  examples  of  what  is  meant 
by  the  "draw  through"  method.  Let's  assume, 
fox  example,  that  you  wanted  to  draw  a  book. 
From  where  you  are  sitting,  only  the  top  and 
two  sides  <:an  be  seen.  There  are  two  other 
sides  and  a  bottom  to  this  book.  The  draw 
throu^  method,  all  sides,  top  and  bottom, 
should  be  sketched  in  just  as  though  you 
could  see  all  the  other  parts. 

No  matter  what  you  draw,  make  it  a  rule  to 
first  sketch  in  the  basic  form  as  if  you  could 
see  through  the  object  and  see  all  sides.  If  you 
disregard  this  rule,  objects  may  appear  to  be 
lopsided,  or  seem  to  occupy  the  same  space  in 
your  drawing.  Beneath  the  shading  and 
texture  syLall  good  illustrations  lies  a  form— a 
form  in  depth.  Beginners  tend  to  concentrate 
on  the  obvious  when  drsiwing.  Everyone 
wants  to  be  another  Michelangelo  and  start 
drawing  pretty  pictures  right  now.  In  other 
words,  they  respond  too  quickly  to  the 
surface  appearances.  All  shading  and  texture 
seen  in  a  drawing  are  part  of  the  final  stages. 
A  great  deal  of  preparation  must  be  worked 
out  with  the  basic  forms  to  create  that  feeling 
of  depth.  Then  and  only  then  can  the  final 
stages  be  drawn  so  that  you  g^t  the  feeling  of 
being.  f 

Exercises  (602): 
^  1.  What  is  depth? 


2/What  do  we  mean  by  drawing  through? 


603.  Use  light  and^hade  in  combination  with 
basic  forms. 

Li^t  and  Shade.  After  you  have  drawn  the 
form  using  the  draw  through  method;  the 
basic  difawing  must  be  able  to  stand  by  itself 
as  a  sound  form  structure.  Light  and  shade  are 
essential  to  emphasize  form  in  the  drawing. 
They  will  help  to  make  a  good  basic  drawing 
more  convincing,  but  wiD  not  save  a  poor  one. 

Begin  now  to  train  your  eyes  to  see  the 
basic  'form  in  all  things.  Remember  too,  that 
most  objects  are  combinations  of  two  or  more 
basic  forms.  In  manmade  structures  che  ba^ic 
forms  are  easy  to  see,  but  nature  can 
complicate  matters  somewhat  with  forms  like 


clouds,  mountains,  animals,  and  man.  So 
don't  get  bogged  down  with  light  and  shade  ^ 
before  you  have  the  basic  form.  Light  and 
shade  can  help  you  once  the  basic  form  has 
been  drawn. 

•  Complex  form.  Complex  form  can  be  a 
problem  in  that  you  must  create  the  illusion 
of  space '  with  combinations  of  form. 
Furthermore,  this  sense  of  space  must  extend 
around  these  objects  and  beyond  them  in 
•every  direction.  Space,  forms  and  perspective 
contribute  a  strong  dramatic  impact  to  every 
picture  drawn.  Work  out^the  size,  placement, 
and  proportion  of  the  big  forms  in  your 
picture,  then  proceed  to  carefully  draw  in  the 
details.  See  foldout  2  (printed  as  a  separate 
supplement  to  this  volume). 

Exercise  (603):  '  ^ 

1.  When  should  you  shade  pn  a  drawing? 


A 


Layc^ 


and  Composition 


LAYOUT  .AND  composition  denote  the 
selection  and.  arrangement  of  appropriate 
elto^nts  within  a  pictured  aS  to  express  the 
illustrator's  idea  cle^ly  and  effectively.  The 
success  of  a  picture  de'^eiids  on  how  wdl 
these  elements  are  put  together. 

.   2*1.  Composition 

Com<^)osition,  in  a  sense,  is  combining  basic 
form  and  space— arrah^ng  the  elements  of  the 
picture  to  produce  a  htanqniou%  whole.  In 
42om posing  a  picture,  we  are  chiefly  interested 
in  what  th^  finished  product  has  to. say. 
Regardless  oj  the  subject  of  your  picture,  the 
questions  that  you  should  ask  yourself  aref 
**What  is  pr  what  iai't  important,  to  the 
picture,  and  what  is*OT^  he^^a  that  you 
^ant  to  get  across?"  '  jf^ 
.GSod  UlusttratiQip'don'lfiu^ll^pen.  They 
.  are  the  result  of 'cai?[M  planning  and  the 
sketching  of  many  ba^  ideSs-on  a  small  scale. 

fttoction  of  a 


604.  State 
thumbnail. 

Thumbnail  SJcetphes.  Thumbnail  sketches 
are  small,  quickly  dyawn  illustrations  Used  to 
formulate  and  work  out  .the. design  of  ideas 
(fig.  24).  They  are  called  thum&nails  becavise 
of  their  siie,  and  ,are  usually  J  to  3  inches 
square/  Thumbnails  are 'used  primarily  to 
work  out.  general layout  details,  such, -as 
arrangement  '  or  compositiQn,  balancfe, 
movement,  continuity,  and.  other  'factors  of 
•  design.*  , 

The  first  thuml^£^  sh6wa  in  Qgoie  2-2  is^' 
very  much^like  th.e  primary  or  preliminarjj^' 
sketch  shown  in  figure  2-1.  The  results'  are  not  ^ 
3atisfactory  because  the  composition  is  too 
static  and  uninterestihg.  Therefore,  we  try 
another^  The  comppsition  or  design  of  the 
second  thumbnail  is  much  1^  static  than  the 
first.  Your.eye^  move  throughout  the  design, 
first  across  the  dark  area  representingjettering 


at;  the  top  of  the  thumbnaU,  down  across  the 
airplane^and  across  the  dark  area  representing 
lettering*  across  the  bottom  of  the  sketchy. 
Still,  th%  laVout  is  rather  old,  fashioned."  The 
remaining  four  thumbnaUs  show  more 
,  interesting  designs  for  our  laydtiit.  Any  one  of 
these  ideas  i^ight  be  used  as  our  model. 
Notice  that  the- last  three  sketches  are  qujte 
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Figure  2-1.  Preliminary  sketch. 
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Figure  2*2.  Thumbnails. 
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Figure  2-3.  Roughs. 

similar  and  show  how  we  can  change  the 
design  slightly  in  searching  for  the  best  means 
-ot  presenting  our  idea.  This  brings  us  to  the 
next  .  step  in  layout  and  composition 
development— the  rough  sketch. 

E^^ercises  (604): 

1.  What  is  a  thumbnail? 


2.  How  is  a  thumbnail  used? 


605.  Compare  a  thumbnail  and  a  rough.  - 

Roughs.  After  selecting  one  or  two  of  the 
most  promising  thumbnail  sketcl!tes,  the  usual 
procedure,  is  to  draw  a  more  detiadled  sftetch 
called  a  rough.  Although  ai  good  thumbnail 
can  sometimes  be  used  as  a  satisfactory  model 
from  which  you  canV^rpw  the  finished  art 
work^  usually  you  need  a  more  detailed 
drawing.  The  rough  permits  you  to'refine  the 
design  of  a  thumbnail  sketchy  to  work  out  any 


details,  and  to  show  in  a  general  way  just  how 
the  finished  illustration  will  look. 

The  rough  should  be  drawn  the  same  size^ 
^e  final  product.  Of  course,  in  the  case  of  a 
poster  where  the  size  might  be  quite  large,  it 
would  be  impractical  to  make  the  rough  the 
sam|  size.  However,  if  the  poster  'is  to  be 
i:ldced  in  some  publications,  then  its  size 
might  be  relatively  small.  Usually  the  finished 
art  work  for  such  a  reproduction  is  drawii 
larger  and*reduced  to  the  connect  size  by  the 
printer.  By  drawing  the  rough  the  same  size  as 
the  poster  that  will  appear  in  print,  we  can  see 
exactly  how  well  the  design  of  the  poster 
works  in  the  given  space.  Any  faults  in  the 
design  that  are  unnoticeable  in  the  thumbnail 
usually  become  quite  apparent  in  the  rough 
and  cai^  be  easily  elinjinated. 

The  illustration  and  lettering  in  the  rough 
made  from  the  thumbnails  in  figures  2-1  and 
2-2  are  made  with  a  bold,  simplified 
technique  and  a  soft  pencil  (see  fig.  2-3.)  This 
is  the  usual  practice,  although  hard  pastel, 
colored  pencil,  or  tempera  is  often  used. 
Notice  that  the  rendering  of  the  rough  has  a 
quick  and  incisive  character  that  is  easily 
distinguished  from  the  painstaking,  detailed 
rendering  of  the  finished  work  of  art.  Colored 
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Figure  2-4.  Comprehensive*. 


231-461 


papers  are  a  great  help  when  colored 
backgrounds  or  panels  sure.necessary.  Tempera 
is  useful'  when  indicating  colored  or  reverse 
lettering  -  on "  a  pastel  background.  Smooth 
white  bond  paper,  either  opaque  o^- 
semitransparent,  and  ,  tracing  paper .  are 
satisfactory  for  rough  layouts.  Refer  to 
foldout  3  (printed  as  a  separate  supplement  to 
this  volume). 

Exercises  (605): 

1.  What  i^  the  difference  between  a  thumbnail , 
and  a  rough? 


like.  The  tones,  color,  and  details  are  all 
carefully  drawn.  In  fact,  sometimes  a 
comprehensive  is  rendered  with  such  precision 
that  it  could/almost  be  used  as  the  finished  art 
work.  If  a  more  detailed  drawing  is  needed  for 
some  complicated  parts,  you  can  make 
comprehensives  df  the  parts.  For  example,  in 
Qur  sketch  the  drawing  of  the  airplane  is  very 
general.  In  the' finished  art  work,  the  drawing 
of  the  airplane  is  quite  precise.  Therefore,  we 
can  draw  an  accurate  comprehensive  of  the 
airplane  on  tracing  paper  and  use  this  drawing 
to  trace  the  airplane  on  the  final  art  work; 

Comprehensives  can  also  be  used  for  other 
purposes  (fig.  2-4).  For/  example, 
comprehensives  are  used  in  connection  with 
this  course  and  the  preparatibn  of  the  SKT 
(Specialty  Knowledge  TestO  Since  the  test 
items  of  an  SKT  are  based  on  the  informatiofi 
presented  in  the  CDC,  the  people  preparing 
the  test  items  must  have  a  complete  CDC 
manuscript  (^^cluding  illustrations.)  The  test 
must-  be  ready '  at  the  same  time  or  very 
shortly  after  the  CDC  becomes  available.  We 
think  of  these  knowledges  as  fundamentals, 
because  you  will  use  them  in  nearly  all  phases 
of  illustration. 

Exercises  (606): 

1.  What  is  a  comprehensive  layout? 


2.  Why  use  a  comprehensive  layout? 


2.  Why  is  a  rough  necessary? 


606.  Deifine  a  compreliensive,  according  to 
purpose  and  function. 

Comprehensives.  If  you  have  done  a  good 
job  on  your  rough,  it  will  probably  be 
adequate  to  use*as  a  guide  for  the  finished  art 
work.  However,  there  are  times  when  the 
person  for  whom  the  art  work  is  being  done 
would  like  to  know  exactly  what  the  finished 
product  will  look  like  before  getting  the  same. 
To  satisfy  him,  you  must  draw  a 
comprehensive  layout. 

A  comprehensive  is  a  detailed  layout  that  is 
a  step  closer  to  the  finished  prodact  than  a 
rough.  Comprehensives  are  used  to  show 
exactly  what  the  finished  product  will  look 
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Fii^ure  2-6.  Proportion  , 


607.  Name  and  define  the  main  elements  of 
composition. 

.  Elements  of  Composition.  Composition  is 
divided  mto  foQr  basic  elements— area,  depth, 
line,  and  value. 

Area.  Picture  area  is  simply  the  borders  in 

*  w^ch  you  driaw  or  paint  your- picture.  To  use 
this,  area  most  effectively,  you  must  weigh 
carefully  where  you  place  the  objects  within 
the  picture  area  an4  what  size  to  make  them. 
This  is  one  ob  the  primary  reasons  for  a 
thumbnail  sketch.  It  enables  you^to  move  a 
crude  drawing  around  within  the  borders  of  a 
confined  area  for  better  planning.  After  each 
of  these  sketches  is  completed,  ask  yourself: 
**Does  this  create  the  effect  I  had  in  mind?" 
(Study  foldouts  4,  5,  6,  and  7  in  your 
supplement.) 

The  size  we  give  to  the  objects  of  a 
composition  and  where  they  are  placed 
control  their  importance  in  the  illustration. 
Size  should  never  be  chosen  without  regard  to 
the  effect  it  will  have  on  the  final  product.  It 
is  just  as  important  as  the  action  or  the  pose. 

Depth,  Depth,  the  second-dimension  of  a 
drawing,  is  the  creation  of  an  ilklsion  on  a 
two-dimensional  surface.  The  illusion  created  • 
is  distance.  Overiapping,  cropping,  and 
making  objects  appear  smaller  with  less  detail 
are  useful  devices  in  creating  a  Convincing 
sense  of  reality.  The'illusion  of  distance  is  not 
enough  to  give  an  illustration  the  sense  qf 
reality—it. must  be  done  in  an  interesting  way. 
Don't  ever  be  satisfied  with  the  same  basic 
arrangements;  there  '  are  .  always  new 
possibilities  worth  considering. 
Think— experiment— and  try  to  make  different 
and  interej^ting  uses  of  the  varied  shapes  and 
objects  in  your  picture. 

Line.  The  term- line,  as  it  is  generally,  used 

^  m  the  preparation  of  art  work,  is  the  outline 
of  a  shape.  As  it^applies  to  composition,  line 
means  the  direction  in  which  the  eye  moves 
to  focus  on  a  point  of  interest  when  looking 
at  an  illustration.  Direction  lines  are  created 
by  the  a^frangement  of  the  objects  in  the 
illustration  so  that  the  shape  or  the  main  lines 
lead  the  eye  unconsciously  to  the  center  of 
interest.  Controlling  the  movement  of  the 
Wiewer's  eye  within  the  picture  is  a  very 
important  function  in  picture  construction. 
Line  can  be  a  strong  or  a  subtle  force  in 
picture  construction,  but  it  should  always 
lead  the  viewer  to  the  center  of  interest. 

Value.  The  fourth  element  of  composition 
is  value,  tjjie  lightness  or  darkness  of  a  picture. 
Value  creates  the  mood  or  gives  the  overall 

.   key  to  a  picture.  In  fact  light  shades  are 
frequently  called  high  key  values  and  dark 
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Figure  2-7.  Rhythm. 


shades  low  key  values.  For  example,  a  picture 
of  children  playing  at  a  picnic  is  a  gay  and 
happy  scene  and  should  be  fairly  high  keyed, 
whereas,  when  portraying  a  fisherman  on  a 
lone.ly  stretch  of  beach  in  the  rain,  the 
weather  has  set  the  mood.  Line  value  is  used 
to  lead  the  viewer's  eye  to  the  point  of 
greatest  contrast.  We  can  and  do  use  this 
principle  to 'focus  attention. 


Exercises  (607):  ^> 
1.  What     are  the 
composition? 


four     elements  of 


2.  Which  of  the  four  creates  a  sense  of  reality? 


2-2.  Principles  of  Composition 

Th^  limitation  of  our  nervous  system 
defines  not  only  the  number  and  emension  of 
the  individual  optical  units  which  can  be 
perceived  as  a  whole  but  also  defines  the 
lifespan  of  the  visual  experience.  We  cannot 
look  at  a  static  pifl<^re  long  without  losing 
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Figure  2-8*.  Progressi9n. 


interest.  However,  an  illustration  based  on 
sound  principle;^  will  hold  the  observer's 
interest  for  a  longer  period  of  time.  These  are 
^  the  principles  of  balance,  proportion,  rhythm, 
movement,  unity,  clarity,  and  simplicity.  Let 
us  study  these  principles. 

608.  Name  'and  desqribe  the  sev€n  principles 
of  composition. 

B£L(ance,  One  of  the  most  important 
principles  of  composition  is  known  as 
balance.  We  are  not  used  to  seeing  objects 
which  appear  to  be  toppling  over.  The  leanin^v 
Tower  of  Pisa  attracts  our  attention  and  > 
interests  us  because  it  is'  precariously 
balanced.  However,. if  or  when  the  tower  loses 
this  balance,  its  attraction  will  cease  to  exist. 
An  il.^«..aJoii  or  *ayoux  must  also  be 
balanced  if  it  is  to  attract  attention  and 
maintain  interest.  This  balance  can  take  two 
forms,  symmetric  and  asymmetric;  or  as  they 
are  more  commonly  called  formal  and 
informal. 

Formal  balance.  Formal  balance  is  obtained 
by  placing  each  visual  element  squarely  on  an 

10 


imagmary  vertical  centerhne,  or  by 
duplicatmg  each,  mass,  shape,  or  line  that 
appears  on  one  side  of  this  vertical  it\  a 
correspondmg  position  on  the  other  side.  The 
result  is  considered  perfect  symmetry.  An 
example  of  formal  balance  is  shown  on  the 
left  side  of  figure  2-5. 

Formal  balance  is  commonly  used  in 
layouts,  illustrations,  and  posters  where  the 
subject  matter  calls  for  resale  and  dignity. 
However,  since  this  type  of  balance  produces 
a  static  composition,  without  movement,  it 
cannot  hold  the  interest  of  the  observer  for 
very  long.  Therefore,  an  illustration,  layout, 
or  poster  wjth  formal  balance  must  be  simple 
so  that  the  observer  can  understand  it  before 
he  loses  interest. 

Informal  balance.  Notice  how  much  morf* 
interesting  the  area  of  the  rectangle  which  is 
shown  in  the  right  side  of  figure  2-5  is 
divided.  This  is  an  example  of  informal 
balance.  As  you  can  see,  a  much  greater 
variety  of  shapes  and  design  can  be  used  with 
this  type  of  balance.  However,  the  problem  of 
balance  is  much  more  complex.  The  left  side 
of  the  rectangular  area  must  balance  the  nght 


side,  and  the  top  half  must  balance  the 
bottom  half.  . 

A  large  heavy  mass  Placed  on  one  side  of 
the  center  may  be  balanced  bV  a  stnall  one 
placed  farther  from  the  center  on  the 
opposite  ^side.  In  the  example  shown,  the 
heavier  lines  on  the  left  are  balanced  by  the 
large  light  arejs  on  the  right.  This  type  of 
balance  is  dynamic,  the  composition  is  alive, 
and  there  is  movement  caused  by  the 
interactions  of  the  various  shapes  and  lines. 

When^  using  informal  balance,  you  must- 
depend  to  a  great  extent  on  yotaarown  sense 
of  balance,  since  no  mathem^ical  rules  apply. 
The  more  elements  you  use,  the  more 
involved  balance  becomes. 

Proportion.  Another  principle  used  to 
maintain  interest  and-  make  a  composition 
attractive  is  proportion.  This  adds  variety  to . 
your  picture.  When  a  speaker  talks  in  a 
monotone,  you  soon  lose  interest  in  his 
speech,  When  someone  strikes  the  same  note 
on  a  piano  over  and  over  again,  you  soon  lose 
interest  in  its  tone.  This  same  effect  can  be 
found  in  drawings  and  iUustrations.  To 
prevent  thjis  from  happening  in.your  art  work, 
you  must  divide  the  elements  and  the  area  of 


y^ui  illustration  into  varying  sizes,  ratios,  or 
proportions.  For  example,  look  at  the  lines 
shown  in  the  top  portion  of  figure  2-6. 

if  we  divide  a  line  as  shown  on  the  top, 
right,  we  do  not  actually  get  division.  Instead, 
we  merely  chop  off  part  of  the  line,  and  :he 
small  portion  becomes  insignificant  and  is 
lost.  If  we  divide  the  line  in  half,  we  have  a 
static  division  and  a  conflict  of  interest.  We 
do  not  know  which  half  to  look  at  and 
therefore  cannot  become  interested  in  either. 

If  we  divide  the  line  into  thirds,  we  get  a 
,  better  division  because  the  parts  are  repeated. 
This  creates  ^rhythm  which  is  definitely  more 
-  interesting. 

When  we  divide  the  line  between  the 
one-half  division  and  one-third  division,  we 
get  another  division  of  equality.  Hoyever,  it  is 
an  equality- of  proportion.  That  is,  the  ratio  of 
the  smaller  part  to  the  larger  part  is  equal  to 
the  ratio  of  the  larger  part  to  the  whole  line. 
This  is  known  as  the  Golden  Division  of  a  line 
and  is  very  important  in  composition. 

As  you  can  see  in  the  lower  half  of  figure 
^  2-6,  if  the  Golden  Division  rule  is  applini  to 
an  area  such  as  a  picture  surface,  inten  sting 
and  related  areas  are  created.  The  intersection 
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of  the  two  ^dividing  lines  locate  an  extremely 
strong  point  ^n  the  picture  surface.  For  this 
reason  the  center  of  interest  in  an  illustration 
or  other  form  of  art  work  should  be  located 
at  or  near  this  point  on  the  picture  surface. 

If  we  divide  tfie  area  of  the  picture  plane 
by  the  Golden  Division* rule  from  both  sides, 
top  and  bottom,  vs?e  divide  the  area  as  shown 
in  the  diagram  on  the  rigrif  side  of  figure  2-6. 
We  now  have  four  strong  points  at  which  we 

.can  plafce  our  center  of  interest. 
.   If  we  draw  Knes  between  any  of  the  points 

\ol  the  Golden  Division,  these  hnes  form 
strong  lines  of  construction  for  any 
composition.  For  example,  if  you  are  drawing 
a  mountain,  you  should  place  the  edge  of  the 
mountain^n  one  of  these  strong  lines  of 
division,  v 

Rhythm.  We  have  mentioned  before  that 
mt6r#st  can  be  maintained  by  rhythm.  As  you 
know,  in  music  the  beat  or  rhythm  is  an 
essential  part  of  the  tune.  Rhythm  in 
illustrating  is  just  ^  important.  We  can  obtain 
rhythm  in  two  ways;  by  repetition  and  by 
progression. 

Repetition.  Rhythm  can  be  obtained 
throvgh  regularly  alternating  or  orderly 
repeatmfe^^apes,  positions,  lengths,  angles, 
curves,  dir&^t^m,  and  'intervals.  A  simple 
example  of  repetlt^D  is  sh^^vn  at  the  top  half 
of  figure  2-7.  «  ^V>^ 

Progressioh.  Rhythm  may  also  be  obtained 
by  slightly  varying  the  sh'apei  value,  size,  and 
other  factors.  For  example,  in  the  bottom 
half  of  figure  '2*7,  a  progression  of  lines  is 
aclhieved  by  lengthening  a  line  each  time  it  is 
repeated.  Revolving  a  circle  also  creates 
progression.  In  one  position  the  circle  appears 
as  a  line,  ne^  as  a  thin  ellipse,  then  a  thicker 
ellipse,  and  finally,, a  circle.  Progression  can  be 
obtained  in  ^alue  fiis  well  as  size  and  shape,  as 
shown  by  the  bottom  elements.  These 
jelements  also  show  progression  of  shape  from 
a  square  into  rectangles  of  different  shapes. 
^  Movement.  Figure  2-8  shows  the  use  of  all 
of  the  principles  of  composition  that  we  have 
'.discussed  thus.  far.  It  uses  balance,  proporti<)n, 
and  rhythm.  There  is  also  present  another 
important  factor  of  composition— movement. 
This  factor  is  perhaps  the. most  important.  As 
long  as  you  can  keep  the  eyes  of  the  observer 
moving  about  the  picture,  you  will  hold  his 


interest.  These  movements  about  our 
illustration  are  pointed  out  by  figure  2-9. 
Notice  that  the  movement  is  generally 
clockwise  in  direction.  The  eyes  of  the 
observer  should  be  guided  up  the  left  side  of  a 
picture  across  the^  top;  then  down  the  right 
side  and  across  the  bottom.  There  may  be 
intermediate  paths  of  movement  throughout 
the  picture.^1  movement,  however,  should 
lead  to  the  center  of  interest.  You  want  to 
keep  the  observer  interested  until  you  can 
lead  him  to  the  p^aiftt  you  want  to  show  him 
most.        ^       V  ) 

Unity,  Clarity,  aiid  Simplicity.  These  three 
principles  of  illustrating  are  closely  related. 
Con^ning  elements  into  a  unified  whole  is  an 
imporl^t  principle  of  composition.  A 
composition  without  unity  appears  to  fall 
apart  and  produces  a  disturbing  effect.  \ 

Clarity  is  another  principle  you  snould 
follow  in  illustrating.  Guard  against  blending 
elements  to  the  extent  of  making  them 
confusing  to  the  observer.  Clarity  can  be 
achieved  by  using  legible  lettering,  tones 
which  are  not  too  close  in  value,  and  sharp 
clear  lines. 

The  object  of  a  layout  or  illustration  is  to 
command  afttention.  Usually,  *  the  simpler  a 
production  is,  the  easier  it  is  to  get  the 
observer  to  stop  and  look  at  it. 

Since  many  elements  have  a  tendency  to 
divide  the  observer's  attention,  it  stands  to 
teason  that  th^fewer  elements  you  use,  the 
easier  it  will  l^e^to  mak§  him  concentrate  on 
the  few  things  you  want  him  to  notice. 
Therefore,  omit  all  items  ^  that  can  be 
eliminated  without  impairing  the  purpose  of 
v^rour  art  work. 

Exercises  (608): 
%    1.  What  are  the  principles  of  composition? 


2.  Why  is  the  principle  of  balance  important 
in  the  composition  of  an  illustration? 


3.  'Dhe  principle  of  unity  is  closelj^  related  to 
■me  principles  of    aKd   , 
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CHAPTER  3 


Human  Form 


DRAWING  THE  HUMAN  figure  is  probably 
the  most^ewarding  achievement  that  an  artist 
can  experience— when  it  is  done  right. "On  the 
other  hand,  it  can  be  one  of  the  most 
exasperating  chores  ever  undertaken  by  a 
human  being.  You  may  have  concluded  from 
these  frist  two  statements  that  drawing  the 
human  figure  is' extremely  difficult—well,  it  is. 
Now,  we  are  going  to  show  i  you  in  this 
chapter  that  it  can  be  made  easier  than  you 
think  by  following  a  few  simple  procedures. 


3-1.  Drawing  the  Human  Form 

In  drawing  any  form,  one  miist  be  willing 
tc  proceed  one  step  at  a  time,  mastering  each 
step  as  you  go.  Each  portion  of  ^e  drawing 
must  be  given  some  special  consideration  as  it 
compares  with  the  rest  of  .the  figure.  If  you 
wish  to  achieve  even  moderate  success  in  the 
art  field,  the  drawing  of  the  human  figure  is  a 
must,  because  87  percent  of  all  illustrations, 
posters,  and  drawings  contain  the*  human 
figure  or  some  portion  of  the  figure  in  them. 


MIDDLE  LINE 


HAIR  LINE 


EAR  LINE 


BROW  LINE 


EYE  LINE 


NOSE^NE 
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Figure  3*1.  Human  head. 
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609.  Describe  the  method  otK^easuririg  the 
human  figure  and  compare  male  and  female 
characteristics. 

Figure  Proportions.  The  human  head  is 
used  as  the  basic,  unit  of  measurement  for 
proportioning  the  entire  human  body.  The 
vertical  height  of  the  head  from  the  chin  to 
the  top  of  the  skull  is  used  for  all  vertical 
measurements  (fig.  3-1).  The  width  of  the 
head  is  used  to  make  all  horizontal 
measurements.  For  example,  the  average 
human  figure  is  614  to  7  heads  high,  but  the 
ideal  height  for  any  illustrated  figure  is  8  head 
units  high,  and  3  head  widths  wide. 

After  the  height  of  the  figure  has  been 
decided,  it  should  be  divided  into  eight  equal 
parts.  This  makes  the  figure  slightly  taller  and 
slimmer  than  the  average  person.  The  rest  of 
the  body  is  then  proportional  as  the  figures  m 
3-2A  and  3-2B. 

In  figure  3-2 A,  the  other  seven  heads  are 
divided  as  follows:  ^ 

•  One-third  of  a  head  for  the  neck. 

•  Two  and  two-thirds  heads  for  the  torso 
(from  the,  bottO|m  of  the  neck  to  the 
crotch). 

•  Two  heads  to  the  knep. 

•  Two  heads  to  the  soles  of  the  feet. 

The  male  figure  is  usually  taller  than  the 
female  with  the  ^ame  proportions.  The 
average^ength  of  the  male  head  proportion  is 
about  "9  inches.  The  female  head  proportions 
are  between  8  and  8Vi  inches  from  the  chin  to 
the, top  of  the  skull. 

These  are  average  proportions  for  the  figure 
standing  in  an  upright  position.  Most  of  the 
time,  yoV  will  find  that  the  figure,  or  some 
parts  of  it-^e  foreshortened  as  in  figure  3-3. 
For  the  best  result,  when  proportioning  the 
figure,  you  must  rely  on  your  visual 
perception.  Only  the  human  eye  can 
determine  the  amount  of  foreshortening 
necessary,  because  it  is  a  relative  judgment. 

Foreshortening  is  a  principle  bf  perspective 
in  which  an  object  seems  to  change  its  size 
and  shape,  because  it  changes  its  plane  of 
projection. 

The  Adult  Figure*  The  structural 
differerci^s  between  the  male  and  female  are 
more  m  the  bones  and  muscle  tissue  than 
anywhere  else.  (See  fold  out  8,  printed  as  a 
separate  supplement  to  this  volume.)  The 
bones  of  the  female  are  smaller  and  smoother 
than  the  bones  of  the  male.  The  female  body 
appears  much  smoother  and  less  musQular, 
although  the  female  has  thie  same  muscle 


structure  as  the  male.  This  appeaxance^is 
caused  by  a  heavier  covering  of  fatty  tissue 
over  the  entire  body. 

■t 

The  narrower  rib  cage,  shorter  and  more 
curved  breastbone  and  a  small  straighter  collar 
bone,  the  female's  shoulders  arenot  as  broad 
as  her  male  counterpart.  The  female  also  has  a 
longer  torso,  shorter  legs  with  a  broader, 
shallow  pelvis.  Note  the  greater  distance 
between  the  pelvis  and  rib  cage  of  the  female 
in  figure  3-4.  Also  notice  that  the  male's 
pelvis  and  rib  cage  are  about  the  same  width, 
whereas,  the  female's  pelvis  and  shoulders  are 
about  the  same  width.  These  differences  are 
subtle  in  most  cases,  but  to  an 
illustrator— these  are  differences  that  count. 

Proportion  changes.  Proportion  changes  as 
the  body  grows  from  birth  to  adulthood.  At 
birth,  a  baby's  head  is  quite  large  compared  to 
the  rest  of  his  body.  At  tbe  age  of  about  1 
year,  the  body  from  the  neck  to  the  feet  is 
about  three  and  one-half  times  the  lengtlrof 
the  head.  The  center  of  the  body  at  1  year  is 
across  the  stomach. 

At  the  age  of  8  years,  the  overall  height  of 
the  body  is  approximately  SVa  heads.  The 
arms  and  legs  are  Somewhat  longer  and  the 
head  is  a  little  lar|er  and  the  center  of  the 
body  has  moved  to  the  hips. 

•  At  age  12,  the  overall  figure  is  7  heads  high, 
and  the  centerline  is  now  at  the  crotch  (see 
fig.  3-5).  From  this  age  on,  the  body  broadens 
out,  becomes  taller,  and  assumes  most  of  tha 
characteristics  of  an  adult. 

Exercises  (609): 

1.  What  is  the  average  ideal  height  of  the 
human  figure? 


2.  Why    does    the    female    body  appear 
-  smoother  than  the  male? 


« 

3-2.*  Constructing  the  Human  Figure 

For  the  purpose  of  construction,  the 
human  figure  may  be  divided  into  five 
component  parts:  torso,  arm,  leg,  hand  and 
foot,  and  head  and  neck.  Each  of  the 
components,  in  turn,  may  be  considered  to 
consist  of  the  basic  forms  or  combination  of 
the  basic  forms. 
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A.   ONE  YEAR 


B.   EIGHT  YEARS 
Fitfure  3-5.  Body,  age  8,  age  12. 


C.  TWELVE  YEARS 


610.  Name  and  describe  the  components  of 

the  tozso. 
IT  XFX 

The  Torso.  You  miistjstudyythe  torso  from 
^  many  eagles  to  fully  ^ndersU^d  its  function. 

The  torso  is  ,made  up  of  three  masses:  the 

chest,  the  abdomen,  and  the  pelvis  (fig.  3-6). 


The  chest  is  made  up  of  the  rib  cage, 
shoulder,  and  collar  bones.  The  rib  cage  is  a  ^ 
modified  cone-shaped  mass  with  the  base 
below.  The  upper  portion  of  the  rib  cage 
appears  broader  than  it  actually  is,  due  to  the 
shoulders  and  collar  bones.  This  causes  the 
shape  of  the  rib  cage  to  be  lost  from  view. 


19 


414 


90  i 


The  pelvis  is  the  lower  part  of  the  torso  that 
serves  as  a  base  for  the  other  parts  of  the 
body.  The  chest  and  pelvis  are  fairly  stable 
masses.  The  epigastrium  or  the  upper  portion 
of  the  abdomen  is  a  soft,  fleshy  and  quite 
movable  part  of  the  torso. 

These  three  central  masses  are  connected 
by  the  spinal  column.  The  only  reason  for  the 
study  of  bones  and  muscles  is  that  the  artist 
has  to  understand  the  framework  if  he  intends 
to  build.  (See  Foldout  9.) 

Exercises  (610): 

1.  What  are  the  three  masses  of  the  torso? 


Figure  3-9.  Eyes. 


2.  What  is  the  shape  of  the  rib  cage? 


611.  List  the  bones  in  the  arms  and  legs  and 
.^state  how  bones  affect  arm  and  leg  shapes. 

The  Arms.  The  arm  is  based  in  the  shoulder 
girdle.  It  has  one  bone  in  the  upper  arm  (the 
humerus)  and  two  in  ^he  lower  arm  (the  ulna 
and  the  radius).  The  upper  and  lower  arms  are 
modified  cylinders  of  approximately  equal 
lengths  as  in  figure  3-7.  The  mass  of  the 
shoulder  descends  as  a  wedge,  sinking  into  the 
^flattened  outer  arm  halfway  down.  From  th6 
front,  the  arm  wedges  downward  and  enters 
the  forearm  just  below  the  elbows.  When  the 
thumb  is  turned  away  from  the  body,  the 
mass  of  the  forearm  is  oval  in  shape, 
becoming  round  when  the  thumb  is  toward 
the  body  because  the  bones  of  the  forearm 
cross.  From  the  back,  the  mass  of  the  ^ 
shoulder  enters-the  arm  on  the  side,  and  at 
the  elbow,  the  arm  and  forearm-arc  as  a  hinge 
joint.  (See  Foldout  10.) 

The  Leg.  The  lower  limbs,  the  thigh  and 
the  leg,  correspond  to  the  .arm  and  the 
forearm  of  the  upper  limb.  The  thigh  extends 
from  the  pelvis  to  the  knee,  and  the  leg  from 
the  knee  to  the  0Bot.  The  longest  and 
strongest  bone  of  the  body  is  the  femur  or 
thigh  bone  (fig.  3>-8).  The  column  of  the  thigh 
and  leg  diminish  in  thickness  as  it  descends  to 
the  ankle.  From  any  view  it  also  has  a  reverse 
curve  that  extends  its  entire  length.  From 
either  side  a  w^dge  shape  overlaps  the 
rounded  form  of  the  thigh  and  this  again 
overiaps  the  square  form  above  and  below  the 
knee  jomt.  The  leg  and  the  calf  z^e  triangular 
in  shape  and  the  ankle  a  square.  The  femur 


(thigh  hox^e)  is  the  most  perfect  of  all  levers. 
It  is  balanced  by  the  muscles  that  pass  up  the 
shaft  of  the  thigh  bone  to  the  pehris.  The 
human  body  is  provided  with  a  system  of 
levers  and  pulleys  that  cannot  be  matched  by 
any  machine  for  mobility  and  response.  (See 
Foldout  11.) 

Exercises  (611): 

1.  When  the  thumb  is  turned  away  from  the 
body^  what  is  the  shape  of  the  forearm? 


2.  What  bone  in  the  body  is  considered  to  be 
a  perfect  lever? 


612.  Describe  the  parts  of  ^he  human  head 
and  characterize  each  from  the  standpoint  of 
drawing  it. 

/ 

"  The  .Head.  The  head,  like  other  parts  of  the 
body,  is  considered  along  with  the  neck  as  a 
unit.  The  division  of  the  body  is  somewhat 
arbitrary  because  the  neck  is  also  considered 
part  of  the  trunk  or  torso.  Making  arbitrary 
divisions  is  useless  because  no  one  part  can 
logically  be  considered  independent  of  its 
adjacent  parts. 

When  drawing  the  head,  a  step-by-step 
demonstration  gives  you  the  fundamental 
method  for  blocking'  in  and  locating  the 
features.  Th6  egg-like  shape  with  some  simple 
measurements  to  find  the  location  of  the 
features  of  the  head  will  give  you  the  basic 
foundation  of  knowledge  for  drawing  heads  in 
any  position.  (Foldout  12.) 
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Figure  3-12.  Ear,  ^ 

/ 

The  Eye.  The  eyes  ^e  the  most  expressive 
and  the  most  delicate  features  of  the  face  and 
a^e  well  protected  by  nature.  The  eye  is  set 
deep  in  a  bony  recess  in  the  face— the  eye 
socket  (fig.  3-9).  The  eye  is  protected  by  the 
frontal  bone  of  the  forehead  from  above  and 
the  cheekbone  below.  The  inner  side  of  the 
nose  affords  a  great  deal  of  protection  to  the 
eye,  because  of  the  protrusion  of  th^,  nose 
itself.  The  eyeball  is  round  in  shape,  with 
three  parts  exposed  when  the  eye  is  operv 
One  IS  a  small  dark  center  called  the  pupif, 
through  which  we  se€>Surrounding  the  pupil 
IS  a  colored  area  called  the  iris,  and  around  all 
of  this  is  the  white  of  the  eye. 

The  two  bds  that  are  the  outer  covering  for 
the  eye  are  fringed  with  lashe?  that  serve  as 
shades  and  sensitive  feelers  to  protect  the  eye. 
Notice  that  the  injier  and  outer  corners  of  the 
eye  are  different.  The  upper  lid  overlaps  the 
lower  lid  at  the  outer  corners.  The  exposed 
part  of  the  eye  is  always  moist.  The  moisture 
reflects  light  and  causes  a  distinct  highlight. 
The  location  of  this  highlight  depends  on  the 
direction  of  'the  light  It  is  a  very  important 
factor  in  making  your  drawing  appear  lifelike. 

The  Nose.  As  shown  in  figure  3-10,  the 
nose  is  narrow  at  the  upper  end  and  wider  at 
its  base.  "The  upper  part  consists  of  bone  and 
reaches  halfway  down.  The  lower  part  is 
cartilage.  The  wide,  lower  end  of  the  nose  is 
composed  of  two  sides,  the  front  and  under 
surface.  The  front  plane  leaves  the  root  of  the 
nose  in  a  well-rounded  form  and  widens  as  it 
forms  the  flattened  bridge.  The  plane  narrows 
as  it  descends,  and  again  becomes  Tound  as  it' 
wedges  between  the  bulbs  forming  the  tip. 
This  fro'^.t  surfa<*e  continues  dov/n  and  under, 
and  forms  the  small  separation  between  the 
nostrils.  The  nostrils  are  inclosed  by  the 
wings,  which  form  the  lower  sides  of  the  nose. 
The  wings  also  form  the  triangular  shape  that 
you  can  see  when  the  head  isr4ilted  back. 
These  wings  and  the  end  of  the  nose  curi  up 
into  the  nostrils  in  a  rounded  surface. 


The  Mouth.  The  mouth,  lik^  the  eyes,  is 
capable  of  much  expression  and  movement. 
Of  course,  its  shape  depends  to  a  large  extent 
on  the  shape  of  the  teeth;  the  rounder  the 
teeth,  the  rounder  th^  mouth.  As  you  can  see 
in  figure  3-11,  the  upper  lip  is  thickest  in  th^ 
icenter  and  thins  with  a  downward  curve  to 
comers  which  are  depressed.  The  forms  in  the 
upper  hp  are  comparatively  flat  and  angular; 
those  of  the  lower  lip  are  convex  and 
rounded. 

When  the  lips  are  seen  in  profile,  their 
thickness,  projection,  and  connection  with 
the  face  are  apparent.  The  upper  lip  projects 
beyond  the  lower  lip  which,  in. turn,  projects 
beyond  the  chin.  Consider  the  convex  shape 
of  the  lips  at  the  outer  ends  with  extreme  care 
when  you  draw  the  lips. 

The  Ears.  The  ears  are  formed  of  cartilage 
and  have  complex  shapes,  as  shown  in  figure 
3-12.  Therefore,  a  good  dravring  of  the  ears 
can  be  made  only  after  careful  study.  The 
length  of  the  ears  is  the  same  as  the  nose  and 
is  about  twice  as  much  as  the  width.  Notice 
that  they  slant  dovmward  and  inward  when 

^viewed  from  the  front,  thus  paralleling  the 
sloping  planes  of  the  sides  of  the  hSad.  Notice 
how  the  contour  of  the  inside  edge  of  the  ear 
spirals  down  into  the  depression  above  the 
canal.  Other  distinguishing  features  are  the 

'  triangular  form  directly  in  fr^nt  of  the  canal 
and  the  U-shaped  space  leading  to  the  canal. 

Exercises  (612): 

1.  What  part  of  the  body  is  considered  to  be 
the  most  expressive? 


2.  Which  feature  of  the  face  is  located  in  the 
vertical  center  of  the  headf 


3.  Which  two  parts  of  the  head  are  about  the 
same  length? 


613.  Describe  the  structure  and  action  of  the 
hands  and  feet  as  related  to  drawing  them. 

The  Hands.  Other  than  the  face,  the  hands 
are  the  most  expressive  parts  of  the  human 
body.  Therefore,  give  them  careful  attention 
when  you  draw  them.  You  should  be  able  to 
make  excellent  drawings  of  hands,  using  your 
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Figure  3-17.  Back. 
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own  as  models.  Since  there  is  very  little  flesh 
on  the  hand  except  on  the  palm  side,  you 
need  to  have  a  good  knowledge  of  the  bone 
structure  to  draw  it  well.  Figure  3-13  shows 
the  bone  structure.  Notice  the  proportions 
between  the  length  of  the  individual  bones. 
Notice  also  how  bones  of  the  fingers  and  of 


the  thumb  connect  together,  how  the  bones 
of  the  fingers  connect  to  the  bones  of  the 
hand,  and  how  these  bones  and  the  bone  of 
the  thumb  connect  to  bones  in  the  wrist. 

Observe  in  figure  3-1 3  that  the  palm 
without  the  fingers  is  nearly  square,  and  that 
the  fingers  are  about  as  long  as  th^  palm. 
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When  the  fingers  are  extended,  the  hand 'is 
about  three-quarters  as  lang  as  the  forearm,  or 
is  equal  to  the  distance  from  the  chin  to  the 
hair  line.  In  drawing  hands,  be  sure  to  draw 
them  large  enough. 

Figtires  3-1 3  and  344  show  another 
important  detail  of  hands.  Notice  in  figure 
3-13  that  when  the  fingers  are  held  close 
together,  as  they  are  when  lifting  a  heavy 
desk,  the  force  is  exerted  in  a  straight  line 
through  the  hand  to  theiwrist.  Thus,  there  is 
rio  tendency  for  the  bpnes  to  twist  as  the 
fingers  exert  force.  Notice  in  figure  3-13  that 
the  lines  of  action  shift  toward  the  base  of  the 
thumb  when  the  fingers  and  thumb  are 
formed  into  a  fist  or  used  in  any  gripping 
action^  

One  of  the  important  details  in  drawing 
hancjis  is  the  placement  of  the  folds  (see  fig. 
3^15).  Observe  that  the  two  folds  of  the  finger 
come  directly  at  the  joints,  and  that  there  are 
two  folds  when  the  finger  joins  the  hand.  The 
first  of  these  folds  comes  between  the  fleshy 
part  of  the  finger  and  the  palm;  the  other  is 
created  as  the  palm  bends. 

Figure  3-16  shows  the  back  and  palm  side 
of  the  hand.  Notice  that  the  form  of  the  back 
of  the  hand  is  basically  convex,  and  that  the 
form  of  the  palm  side  of  the  hand  is  concave. 

The  Feet.  The  feet  have  about  the  same 
number  of  bones  as  the  hands.  However,  the 
proportions  are  different,  as  you  can  see  in 
figure  3-17.  The  feet  are  as  long  as  one-half 
the  distance  from  the  knees  to  the  bottom  of 


the  feet.  Notice  that  the  outside  anklebone  is 
slightly  lower  than  the  inside  anklebone.  The 
high  part  of  the  foot  is  at  the. inside  between 
the  ankle  and  the  big  toe.  As  you  can  see,  the 
foot  slopes  toward  the  toes  and  also  toward 
thie  outside  edge. 

The  foot  has  very  little  movement.  Most  of 
its  action  is  accomplished  through  the 
movement  of  the  anklebones  and  between  the 
joints  of  the  toes^and  the  foot. 

Exercises  (613): 

1.  Other  than  the  face,  what  is  the  most 
expressive  part  of  the  body? 


2.  The  unportifnt  details  that  you  should 

remember  about  the  hands  are: 
^    a.  T\ie  basic  shape  of  the  palm  is   . 

b.  The  lehgth  of  the  fingers  is 
approximately  the  same  as  the   . 

c.  The  iength  of  the  outstretched  hand  is 
equal  to  about  three-quarters  of  the 

 or  the  distance  b,etween  tfiechin 

and  the  . 

d.  The  action  of  the  fingers  when 
outstretched  is  in  line  with  the   . 

e.  ^hen  the  fingers  are  in  a  gripping  action, 
the  line  of  action  shifts  from  the  wrist  to 
the  base  of  th^   . 

f .  The  form  of  the  palm  side  of  the  hand  is 

basically  and  the  back  of  the  hand 

is  basically  . 


4^'  . 


CHAPTER  4 


•  Cartoons  and  Caricatures 


THE  ABILITY  TO  cartoon  and  draw 
caricatures  is  a  specialized  field  for  most 
commercial*  artists.  To  become  a  good 
cartoonist,  ^ry  student  should  begin  his 
studies  with  a  reasonable  amount  of 
self-confidenc$.  Since  the  same  knowledges 
that  apply  to  figure  drawing  apply  as  well  to 
cartooning  and  caricatures,  a  good  artist  may 
find  that  all  he  lacks  to  become  a  cartoonist  is 
self-confidence. 

4*1 .  Cartoon  Definition 

The  popular  definition  of  a  cartoon  is  a 
humorous  drawing  but  there  are  no  formal 
boundaries  to  the  style  of  drawing  called 
cartoons.  Cartoons  range  from  realistic 
illustrations  to  totally  abstract  design.  All  of 
the  basic  aspects  of  cartooning  and  caricatures 
can  be  summed  up  .  in  one  basic 
principle— behavability.  ,  Cartoons  are 
simplified  exaggerated  forms  that  show 
expressions. 

*  •  * 
614.  Define  expressions  and  exaggerations. 

Expressions  and  Exaggerations.  Expression 
is  action.  For  example,  all  jumping  figures 
have  both  feet  off  the  gound,  but  all  walking 
figures  have  both  feet  touching  the  ground. 
You  make  visuaPfcstudies  of  real  people  and 
convert  their  movement  and  expressions  into 
humorous  drawings.  A  cartoon  differs  from 
the  more  serious-type  drawing  in  that  it  is 
usually  drawn  with  a  much  looser  treatment. 
That  is,  you  concentrate  on  the  action  and 
attitude  of  the  figure  more  than  you  do  on 
the  fine  detail.  Then^  too,  cartoons  are  usually 
simple  line  drawing,  requiring  substantially 
less  variation  in  mediums  than  used  in  other 
types  of  art  work. 

Facial  Expressions.  In  cartooning,  the 
features  of  the  face  are  usually  drawu  wT 
simple  geometric 'shapes.  As  you  car  '  i 
figure  4-1,  the  eyes  can  be  drawn  as  jircies, 
ellipses,  dots,  or  lines.  Humorous  effects  in 


the  face  are  produced  Jby  exaggerating  or 
distorting  the  average   measurements  and 

'relative  proportions  within  facial  features. 
When  the  caricature  of  a  person's  face  is  being 
drawn,  all  the  irregular  characteristics  should 

,  be  observed  and  exaggerated.  * 
The  one  set  of  rules  generally  accepted  by 
all  cartoonists  is  that  facial  expressions  are 


K  NORMAL 


3.  UNHAPPY  n 


5.  ANGRY    ^  > 


7.  HORRIFIED 


2.HAPPY 


4.  DETERMINED 


6.  SURPI^ISED 


SMUG 


10.  PATHETIC 
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Figure  4-1.  Cartoon  eyei. 
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Figure  4*2.  Facial  expressions. 


produced  by  the  movement  or  lack  of 
movement  of  the  eyes,  mouth,  nose,  and 
forehead.  Figure  4-2  shows  some  examples  of 
emotional  expressions  produced  simply  by 
changing  the  shape  or  position  of  those  facial 
parts. 

When  the  face  assumes  a  happy  expression, 
the  parts  of  the  face  are  lifted:  The  corners  of 
the  mouth  are  pulled  up  and  out.  The  cheek 
muscles  are  bunched  by  this  action  so  that  the 
lower  lid  of  the  eye  is  pushed  up  and  almost 
closed . 

An  unhappy  face  is  just  the  opposite,  the 
comers  of  the  mouth  are  dropped,  the  eye, 
and  eyebrows  are  lowered,  and  the  forehead 
wrinkled,  whereas,  determination  is  expressed 
by  the  lowering  of  the  brow  and  the  jutting 
out  of  the  lower  lip  and  chin.  Other  emotions 
such  as  anger,  surprise,  honor,  smugness,  and 
scom  can  be  expressed  l?y  similar  facial 
movements.  Along  with  the  facial  expressions, 
body  movements  should  fit  the  emotional 
appearance  of  the  face. 

Exaggeration*  Exaggeration  is  the  one 
excepticu  in  'r^rtooi  irig  -;vhere  the  cartoonist 
must  use  a  little  discretion.  Although  the  rules 
of  expression  and  exaggeration  are  generally 
accept^^  exaggeration  can  be  cruel.  So  let  it 
'  be  reemphasized  that  as  a  cartoonist,  you  are 
bound  by  >no  jrule  except  that  of  GOOD  * 
TASTE. 


Exercises  (614): 

1.  What  is  a  cartoon? 


2.  Expression  is  created  by  both  the   

and  the  - 

4-2,  Captions 

Ordinarily,  there  are  two  types  of  cartoons. 
Those  that  are  pantomime— all  action  and  tell 
the  story  in  picture,  and  the  captions  or 
punch-line  type.  In  many  instances,  it  is  the- 
punch-line,  gag,  or  joke  that  inspires  the 
cartoonist  to  draw.  Keep  punch-lines  as  short 
as  possible  and  let  the  action  of  the  drawing 
dp  the  work. 

615.  Name  the  two  types  of  cartoons  and 
state  the  procedures  for  creating  cartoon 
characters. 

Character  Creation.  The  number  of 
different  characters  a  cartoonist  can  draw  is 
limited  only  by  his  imagination.  Because  the 
face  controls  the  mood  and  emotional 
expression,  it  is  the  important  part  of  a 
cartoon  character.  The  head  can  be  any  basic 
shape,  and  this  shape  can  be  used  to  create 
many  other  characters.  Characters  ^e  created 
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Figure  4-3.  Facial  structure. 


by  adding  or  making  changes  in  the  facial 
structure  as  shown  in  figure  4-3.  As  shown  in 
figure  4-4,  one  character  can  be  many 
different'  characters  by  making  very  minor 
changes.  When  a  cartoon  character  is  required, 
one  should  consider  the  end  use. 

When  cartooning,  you  may  not  always  be 
c^led  upon  to  cartoon  or  caricaturize  the 
human  being.  Some  jobs  may  call  for  the 
animation  of  animal  with  human 
characteristics,  or  ships,  planes,  "and  other 
pieces  of  machinery  with  animal 
characteristics.  Figures  4-5  through  4-7  are 
good  examples  of  this  type  of  animation. 


When  creating  a  cartoon  character,  it  is  best 
to  use  the  physical  _features_and  dress  the 
have  become  popularly  identified  with  certain 
types  of  people  and  with  people  from  certain 
areas.  These  symbolic  featun^  have  been 
associated  with  certain  types  of  people  for  so 
long  that  the  public  instinctively  relates  a 
certain  appearance  to  a  particular-type 
person;  for  example,  the  hillbilly  right  out  of 
the  hills.  His  symbolic  attire  is  a  torn 
checkered  flannel  shirt)  bib-type  overall  with 
patches,  a  rumpled  wide  brim  hat;  he  is  also 
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Figure  4*4.  Changea  in  facial  structure. 
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Figure  4-5.  Animation  animal  with  human 
characteristics. 


usually  in  need  of  a  haircut  and  shave.  He  is 
often  shoeless  and  carries  a  long  barreled 
squirrel  gun. 

Although  this  may  not  be  factual  in 
relation  to  backwoods  people,  this  type  is 
usually  pictured  as  rather  ugly  and  has  a  warm 
relationship  with  his  jug  of  com,  whiskey. 

The  female  from  this  area  is  usually 
illustrated  in  two  styles.  One,  the  beautiful, 
well  proportioned  lass,  and  the  other  one, 
whose  appearance  more  closely  parallels  the 


Figure  4-7.  Animation  animal  with  human 
characteristics 


man's  appearance.  These  three  characters  are 
shown  m  figure  4-8.  As  you  can  see,  one  look 
at  the  characters  will  place  them  in  your  mind 
as  hillbillies,  and  you  will  have  no  troublf 
getting  them  mixed  up  with  the  characters 
from  a  more  affluent  society  in  figure  4^9^ 
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Figure  4-6.  Animation  animal  with  human 
^  characteristics. 


Fitfurc  4-8.  Hillbilly  female. 
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Figure  4 '11.  Hip-swinging  performer. 


Figure  4^9.  Affluent  society. 


You  should,  when  possible,  use  the 
established  public  impression  that  is  readily 
accepted  for  a  particular  type  of  person. 
There  is'a  symbolic  type  for  nearly  every  type 
and  for  every  geographical  area  in  existence, 
including  foreign  nations.  The  Ust  is  unending; 
and  the  following  illustrations  show  but  a  few 
of  the  long,  long  list  of  possibilities. 

You  will  see  in  these  examples  that  some  of 
the  characters  are  drawn  as  having  large  noses 
w^ile  others  are  drawn  having  short  noses. 
You  must  experiment, in  cartooning  just  as  in 
all  phases  of^illus^ting  in  order  to  find  just 
the  right  design,  the  right  nose  or  mouth,  type 


of  eyes  or  hairstyle,  to  fit  the  character  so 
that  he  will  blend  into  the  situation  properly. 
You  will  find  that  cartooning  is  more  than 
mere  doodling;  it  takes  practice, 
experimentation,  more  practice,  and  a  firm 
determination  to  become  a  good  cartoonist. 
The  cartoons  shown  in  this  chapter  are  the 
writer's  creations— his  style  of  drawing. 
Although  it  is  proper  for  you  to  copy  them 
for  practice,  it  is  essential  for  you  to  develop 
your  own  style  of  cartooning  before  you  can 
consider  yourself  a  cartoonist  of  any  caliber. 
Remember,  it  is  your  style;  develop  it  to  fit 
your  abilities  and  needs. 

Just  as  there  is  an  almost  unending  list  of 
different  types  of  people,  many  of  these  can 
be  seen  as  two  distinct  characters,  the  good 
guy  and  the  bad  guy.  For  example,  there  are 
both  good  cowboys  and  bad  cowboys  (fig. 
4-10).  In  cartooning,  it  is  not  necessary  for 
the  good  guy  to  always  win.  It  often  adds  to 
the  humor  of  the  situation  when  the  bad  guy 
wins. 


Figure  4-10.  Cowboyt. 


Figure  4-12.  De-humans  performer. 
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Figure  4-13.  German  cartoon. 


in  the  world  of  music  there  are  mafty 
different  types  of  p^^xsonalities.  There  is  the 
classical  musician  and  the  modem  day,  no 
talent,-  hip  s. /nging  howling  type  of 
performer  (fig.  ^-11).  Of  the  latter,  some  have 
almost  lost  their  identities  as  humans  (fig. 
4-12). 

Some  of  the  people  of  foreign  countries 
offer  themselves  as  excellent  specimens  for 
cartooning.  The  people  of  Germany  (fig. 
4-13)  have  always  been  well  known  for  their 
aristocratic,  military  leaders  and  the' 
Bavarian-type  costumes  and  beer  steins. 
Typical  Russian  cartoon  characters  are  shown 
in  figure  4-14. 

Remember,  it  has  already  been  said  that 
'not  everybody  will  like  your  cartoons.  What 
will  fracture  one  group's  funny  bone  may 
bring   screams  of   protest  from  another. 
Solution:  always  know  your  audience. 

The  different  people  of  the  world  have 
many  different  characteristics  and  costumes 
and  it  is  most  interesting  to  work  up  several 
different  interpretations  of  each  of  them,  as 
you  have  t^een  shown  by  a  few  examples. 

When  you  are  drawing  a  cartoon  depicting 
a  certain  nationality,  race,  or  period  of 
history,  it  is  extremely  important  to  use  the 
comx.  ccsiuu.-;  Oil  tne  character.  TV'c  aid^  i*"* 
his  identification  and  correctness,  and  when 
done  well,  adds  to  the  humor  of  the 
character.  You  may  be  able  to  see  this  in  the 
drawing  of  the*  Roman  toll  collector  (fig. 
4-15),  and  the  drawing  of  the  Viking  and 
Italian  explorers,  (fig.  4-16).  In  any  cartoon, 


not  only  must  the  costume  be  correct  for  the 
chatacter^  but  any  supporting>characters,  the 
stage  or  background  if  tht^re  is  one,  all  must 
be  m  place  with  the  main  theme.  The  pattern  ' 
must  be  consistent  with  all  particulars  related. 
In  cartoons,  the  background  is  usually  greatly 
simplified  and  reduced  to  just  those  elements 
essential  to  clarify  the  picture.  In  some 
cartoons  there  is  no  background  at  all;  other 
times,  the  background  may  be  highly  detailed. 
This  again  is  usually  a  choice  of  the 
cartoonist.  The  use  of  background  is  usually 
determined  by  the  style  of  the  cartoonist. 
Most  frequently,  acKartoonist  will  use  no  more 
background  than  is  needed  to  identify  his 
character  to  a  specific  area  or  location. 

You  can  also  use  cartoons  effectively  to 
make  good-natured  fun  of  someone  or  some 
group.  This  points  out  again  that  taking  any 
situation,  person,  or  group,  you  can  create  an 
effective  cartoon  out  of  it.  For  example, 
figure  4-17  is  a  cartoon  prepared  by  a  DM 
who  is  not  an  ex-Seabee  for  the  benefit  of  the 
many  DMs  who'^re  ex-Seabees. 

Caricatures.  Drawing  caricatures  is  very 
much  like  having  the  subject  stand  in 
front  of  the  bent  mirror  found  in  carnivals 
and  penny  arcades.  The  mirror  distorts  and 
exaggerates  the  features,  but  does  not  add  or 
subtract  anything  not  already  existing  ^bout 
the  subject.  The  cartoonist  does  the  same 
thing.  The  predominant  features  are 
exaggerated  or  distorted;  but  you  must  be 
^  careful  not  to  get  away  from  the  character. 

Don't  offend^  exaggerate,  but  be 
reasonable.  When  possible,  incorporate  a 
hobby  or  anything  identified  with  the  subject. 


Figure  4-14.  Ruwian  cartoon. 
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Figure  4-15.  Roman. 


"Local  coi wrr"  always  helps  for  a  truer 
characteristic. 

Capture  at  least  one  outstanding  feature— a 
typical  expression  or  mannerism.  Put  that 
down  (slightly  distorted)  and  draw  around  it. 
Once  the  head  is  drawn,  the  body  can  be 
drawn  in,  A  good  proportion  *for  caricature  is 
two*thirds  head,  one-third  body.  The  only 
possible  way  to  learn  to  do  caricatures  is  to 
practice.  Strive  for  a  likeness,  then  add  small 
distortions  to  add  humor. 


Exercises  (615):  ^ 

1.  What  are  the  two  types  of  cartoons? 

If 

2.  How  many  different  characters  can  be 
drawn  from  one  head  shape? 
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CHAPTER  5 


Landscapes 


NATURE  HAS  ALWAYS  been  a  Valuable  aid 
to  the  artist,  with  her  dappled  birches,  somber 
pines;  and  rolling  meadows.  No  matter  how 
creative  you  may  be  or  how  original  your 
landscapes  are,  in  time  your  ideas  will  wear 
thin.  The  same  trees,  rocks,  and  skies,  no 
matter  how  you  recombine  them  in  different 
pictures,  are  stilf  the  same  skies,  rocks,  and 
trees.  Nature  has  others  in  infinite  supply. 
Take  them  from  her  and  use  them  to  refresh 
your  mind  and  your  pictures. 

5-1.  Landscapes 

Landscapes  are  all  around  you.  Careful 
observation  wherever  you  go  makes  nature 
the  most  valuable  and  inspiring  teacher  an 
artist  can  have.  No  matter  how  creative  you 
think  yoii*  are,  nature  with  her  strong 
stonefaced  cliffs,  majestic  mountains,  and 
/  turbulent  waterfalls  has  an  endless  reservoir  of 
scenes  to  offer  you. 

The  imaginative  artist  never  takes  nature 
*       just  as  he  finds*  her.  He  must  create.  He  must 
rearrange  and  redesign  a  scene  to  sfait  the 
particular  situation  he  has  in  mind.^  ^ 

616.  State  how  the  elements  of  a  landscape 
impart  cogent  information  and  create  mood 
and  feeling. 

• 

Mood  and  Feeling.  Every  region  has  a 
character  and  a  mood.  '  Often  the  picture 
situation  calls  for  a  landscape  to  set  the  scene, 
to  tell  the  viewer  exactly  where  the  action  is 
taking  place.  An  artist  can  plan  the  landscape 
so  that  the  viewer  knows  where  the  scene  is  as 
if  the  name  was  painted  on  a  sign. 

North,  South,  East,  or  West-^very  part  of 
the  country  has  its  own  characteristics  by 
which  it  can  be  recognized.  You  know  it  by 
its  trees,  bushes,  flowers,  buildings,  and 
especially  by  the  terrain.  If  your  picture  is  of 
a  coastline^  sandy  beach,  and  a  warm  easy 
lazy  feeling  prevails,  a  western  cowboy  in  a 
park  would  seem  out  of  place.  Every  place  has 
something  that  is  typical  of  the  region  and 


something  that  will  givfe  the  viewer  a  feeling 
of  being  there.  Photographs,  books,  movies, 
television  are  all  good  sources  of  information 
for  creating  the  mood  and  feeling  for  a 
particular  area.  No  one  can  be  in,  or  have 
been  to,  every  location  that  could  be  used  to 
establish  the  scene  of  an  illustration.  So  keep 
these  sources^in  mind  and  use  them. 
<  Controlling  the  Mood.  A  landscape  never 
exists  apart  from  mood  and  feeling,  whether 
in  nature  or  in  a  picture.  When  a  man  stands 
on  the  edge  overiooking  the  Grand  Canyon,  ' 
he  feels  the  grandeur  of  nature  and  his  own 
insignificance.  By  contrast,  a  bubbling  brook, 
a  shade  tree,  and  lazy  white  clouds  create  a 
mood  and  feeling  of  a  warm  summer 
afternoon  with  not  a  care  in  the  world. 

You  can  control  the  response  of  your 
audience  if  you  are  able  to  capture  this 
illusion  in  your  drawing.  Experience  the  wide 
open  space  of  the  plains  or  the  cramped 
hemmed-in  feeling  of  the  city.  The  scenes  that 
are  deeply  felt,  closely  observed  will 
communicate  your  impressions  clearly  and 
forcefully, if  thoughtfully  recreated. 

Background.  Rarely  will  a  landscape  be  the 
chief  subject  of  an  illustration.  The  main 
purpose  of  a  landscape  is  to  set  the  scene  for 
the  center  of  interest.  The  landscape,  even  as 
a  background,  is  usually  secondary  but  it 
must  look  genuine  because  it  is  important  to 
the  story.  As  an  illustrator,  you  are  expected 
to  show  a  convincing  scene  at  toy  time  of 
day,  under  any  kind  of  weather  conditions, 
anywhere  in  the  world.  You  may  use 
photographs  and  other  means  to  identify  your 
background  scene,  but  try  to  be  original. 
Symbols  are  very  helpful  in  placing  a  scene, 
but  some  symbols  are  overdone.  The  Eiffel 
Tower  is  in  a-  great  many  scenes  of  Paris. 
Overdoing  symbols  cab  bore  your  audience, 
and  it  also  says  that  your  imagination  is 
running  dry.  Always  remember,  a  landscape 
background  is  never  something  hastily 
brushed  in  to  fill  up  the  white  space. 

Time  and  Weather-  Time  and  weather  are 
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valuable  tools  for  any  artist.  By  using  them  to 
Their  Best  advantage/ thr landscapes  you  draw 
will  have  more  meaning.  A  storm  in  the 
background  can  underline  the  stormy 
temperarament^  of  the  figures  in  the 
foreground  or  strenthen  the  drama  and 
excitement  of  the  action  taking  place  with  the 
principal  figures.  Sunlight  can  dp  many  things 
to  an  illustration.  It  can  be  bright  and  gay  or 
eerie  and  mysterious,  depending  on  the  time 
of  day,  just  as  darkness  can  shroud  your  scene 
in  gloom. 

Nature  is  always  changing-especially  th 
clouds,  and  water.  In  almost  every  landscape 
there  is  a  sky.  Skies  usually  have  clouds  o 
some  kind.  They  may  be  huge  threatening 
thunderheads  or  light,  fleecy  fdrms  that  drift 
slowly.  Carefully  selected,,  the  right  cloud 
forma>fon  can  add  conviction  to  the  scene 
and  help  the  composition.  Water,  like  clouds, 
depends  on  the  whims  of  nature  as  to  the 
conditions  you  wiU  find.  A  body  of  water 
may  be  flat  aSid  smooth  on  a  calm  day, 
choppy  with  whitecaps  if  there  is  a  brisk  wind 
or  have  a  storm-swept  surface  with  waves 
rising  to  mountainous  heights. 


First-hand  observatidn  Is  the  best  teacher^ 
you  can  have  if  you  are  willing^o  ^'^serve  and 
not  take  what  is  happening  for  granted. 
Weather  is  all  around  you  and  time  goes  on 
forever.  We  have  a  saying  for  those  people 
who  are  unfamiliar  with  the  continuous 
weather  changes  that  are  experienced  by  the 
locals  that  live  around '4he  foothills  of  the 
Rockies.  **If  you  don^t  like  the  weather-wait 
a  few  minutes,  it  will  change.** 

Weather  and  time  are  important— there  will 
e  some  in  every  landscape  you.draw. 

zeroises  (616): 
1.  How  does  a  landscape  create  mood? 


2.  Why     is     a     landscaped  background 
important? 


n 
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ANSWERS  FOR  EXE^^CISES 


CHAPTER  1 

R«ftrenco< 

600-  1.  Solid. 

600  •   2.  To  show  that  they  have  a  top,  bottom,  and 

sides. 

601  •   1.  The  sphere,  the  cylinder,  the  cone,  and  the 

cube. 

601-  2.  Ponn. 

.602  •   1.  The  illusion  'that  gives  an  object  a  third 
dimension. 

602  •  2.  The  process,  of  drawing  all  -  sides  of  an 

object,  even  those  that  are  unseen. 

603  -   1.  Shading  aids  in  seeing  the  planes  of  a  form. 

CHAPTER  2 

604*   1.  A ^mall,  quickly  drawn  illustration. 

604  •  2.  To  work  out  desigiv ideas. 

605  •  *1.  Instead  of  being  small  and  quickly  drawn, 

the  rough  is  a  drawing  of  actual  size  and  is 
a  more  detailed  sketch. 

605  -  2.  Any  faults  in  tke  design  that  are  unnotice* 

able  in  the  thumbnail  are  quite  apparent  in 
the  rough.  *  ^ 

606  •   1.  A  detailed  layout  that  is  a  step  closer  to  the 

finished  product. 

606  •  2.  Comprehensives  show  exactly  what  the 

flbished  product  will  look  like. 

607  '   1-  Area,  d«pth,  line,  and  value. 
607-  2.  Depth. 

608  •  1.  Balance,  proportion,  rhythm,  movement, 

unity,  clarity,  and  simplicity. 


608  -   2.  Because  balance  is  used  to  hold  the  interest 

of  the  observer. 

608-  3.  Clarity;  simplicity. 

CHAPTERS 

609-  1.  8  heads. 

609  -   2.  Less  muscle  development  and  a  heavier 

layer  of  fatty  tissue. 

610  -   1.  The  chest,  the  abdomen,  and  the  pelvis. 

610-  2.  A  modified  cone. 

611-  1.  Oval. 

611  -   2.  The  femur. 

612-  1.  The  eyes. 

612  •   2.  The  eyes. 

612-  3.  The  nose  and  ears. 

613  -   1.  The  hands. 

613-  2.  a.  Square. 

b.  Palm. 

c.  Forearm;  hair  line. 

d.  Wrist. 

e.  Thumb. 

f.  Concave;  convex. 

CHAPTER  4 

614-  1.  Simplified,  exaggerated  form  that  shows 

expressions. 

614  •   2.  Pace;  eyes. 

615  -   1.  Pantomime  and  captions. 

615  •   2.  ^As  many  lu  the  mind  can  imagine. 

CHAPTER  5 

616-   1.  By  setting  the  scene  to  tell  the  viewer 
'       exactly  where  the  action  is  taking  place. 

616  -   2.  Because  the  background  tells  the  viewer 

where,  what'  time  of  day,  and  the  weather. 
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SPH 

The  sphere  suggests  any  form  that 
^  round  or  oval.  Add  shading  and  it 
will  give'realism  to  any  form. 


Hi 


Poldout  1.    Drawing  basio  form 


CONE 

The  basic  shape  of  therpine  tree  is  a 
cone.  The  use  of  shading  and  the 
drawing  jof  irregular  branches  to 
make  thje  form  look  solid;  add 
realism./ 


DRAWING  THE  BASIC  FORM 

tn  drawing  the  basic  forms,  each  form 
is  ^ij^awrf  through  first  as  a  basic  form 
then  the  details. 


CYLINDER  ^ 

The  can  is  essentially  a  cylinder,  so  when 
you  start  the  drawing  -  -  draw  a  cylinder. 
'  To  help  the  basic  shape  of  the  can,  light 
and  shade  should  be  established.  Shading 
gives  the  form  a  needed  emphisis. 
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Foldout  h  Drawing  basic  form. 
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Poldout  10,  (continued) 


2.  USE  NUMBER  !  OR 
NUM'jaER  2  PENCIL 
* 


t  23151  04  21      .  ; 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 
/BASIC  DRAWING 

Carefully  read  the  following:  '  ^ 

1'    Check  the  **course,"  "volume  "  and  **iorm''  numbch  from  the  answer  sheet 
.address  tab  against  the  **VRE  answer  sheet  identification  number"  in  the 
righthand  coluinn  of  the  shipping  list.  If  numbers  do  not  match,  take  action 
to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with. a 
'^hot^  or e^cplanation.  .    .      >  , 

2.  Note  that  numerical  sequencc^on  answer  sheet  alternates  across  from  column 
to  column. 

3.  '   Use  a  mediqm  sharp  #A  or  #2  black  lead  pencil  for  marking  ani^^ver  sheet. 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  are  sure  of  your 
answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 

,  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  erased. 
But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all -possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI.  .  ^ 

6    Keep  Volume  Revifw  ExerQ4se  booklet  for  review  and  reference. 

7.    If  mandatorily  enr611ed  student,  process  questions  or  coramejits  throCigh  your  ,  , 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on^  ECI 
Form  17.* 

0 

DONTS:  ^  '  , 

1.  Don't  use  answer  sheets  other  than  one*  furnished  specifically  for  each  review 
exercise.  .  '         '  < 

2.  Don't  mark  on  the  answer  sheet  except  to  till  in  marking  blocks.  Rouble 
marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 
errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  *the  answer  sheet. 

4    Don't  use  ink  or  any  marking  other  than  a  #1  or  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCE^  ARE  USED 
ON  THE  VOLUME  REVIEW  EXERCISE.'  In  parenthesis  after  each 
item  number  on  the  VRE  is  the  learning  Objective  Number  where  the 
answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicated  \?y  these  Numbers.  The 
VRE  results  will  be  sent  to  you  on  a  postcard  which  will  list  the  actual 
VRE  items  you  missed.  Go  to  the  VRE  booklet  and  locate  the  Learning 
Objectixe  Numbers  for  the  items  mi<;sed.  Go  lo  the  text  and  carefully 
^*  review  the  areas  covered  by  these  references.  Review  the  entire  VRE  again 
before  you  take  the  closed-book 'Course  Examirlation. 


1.  MATCH  ANSWER 
^  _  ^  SHE  ET  TO  THIS 

TOP-  EXERCISE  NUM- 

BER. 


Note  to  Studentt     This  Volume  Review  Exercise  contains  U7  four-option  iter^  and 
3  thpee'-option  items.    ^  .  ^  « 

^.  Multiple  Choice 

1.  (600)    An  illustration  that  is  flat  and  lifeless  is  most  likely  to  be  deficient 
in  the  basic  principle  known  as      ^  ''^ 

a.    solid  form.  "c.    foreground  application. 

,  b.    backgro\ind  application.  d.     formal  presentation. 

2.  (601)    Which  of  the  following  is  not  considered  as  one,  of  the  four  basic  fprms 
of  drawing? 

a.  Cylinder.'*'  c.  Conej|| 

b.  **Circle.  ^  d.  Cube. 

3.  (601)    The  foundation  of  the  training  of  a  graphic  specialist  is^  the  principle! 
of  *  ^  .       .  ' 

a.  combining  polors.  c.    drawing^ form: ■ 

b.  using  light  and  shade.  d.    drawing' depth^ 

i;.     (602)    The  term  ''drawing  through"  means  ,that  you  are  '  •  -  .  '  . 

a.  *  adding  a  background/Co  your  drawing.  '     ^  .  ♦ 

b.  making  an  original  drawing  through  the  use  of  an  optical  drawing  aid.  ^^^^ 

^  c.    attemptin^^the  three-dimensional  effect  of  depth.  -  ^ 

d.  .  merely  putting  the  finishing  tQucf^es  <on  an  otherwise  completed  drawing. 

•  ».  ^ 

5»  -''feo?)    The  proper  application  of  the  pryiciple  of  drawing  through  will  give 
your  pifetu'm.the  effect  of  looking 

a,  ^,    flat.  ^  ^    c.  lopsided. 

b.  two-dimehsional.  \  d.    real.  ^ 

6.  (603)    You  have  just  completed  drawing  a  basic  fo^m  using  the  draw  through 

,    •p>rin.©iple.    What,  if  anything,  should  you  do  to  enhance  t.ne  appearance  of  this 
basic  form?  "  '  * 

a.  Add  lighting  or  shading  to  enipnasise  tne  form. 

b.  -Do  nothing  as*  the  'form  will  stand  by  itself.  •  ' 
A^id 'a  dark  background. 

'      d.    Add  a  light  foreground  to  the  drawing. 

7.  (603)    To  create  the  illusion  of  space  in  conjunction  with  a  series  of  complex 
forms,  the  space  must  be  extended 

a.  only  to  the  largest  form  in  the  drawing. 

b.  around  all  the  forms  and  in  all  "directions .  y| 

c.  around  a  single  form  and  in  one  direction. 

d.  to  encompass  all  the  forms,  but  in  no  specific  direction. 

8.  (50**)    Thumbnail  sketches  are  usually 

a.    6*  to  8  inches  square.  c.     1  to'3  inches  square.  ' 

b      "  tj)      .^^nr^  ..luare.  c^.     ^  u  ^  inchc  >  '^;u-i.X'. 

9.  (60u^    Thumbnail  sketches  are 

a.  '  always  'drawn  to  a  :pecific  ^^cal-?. 

b.  complex  drafting:  iilustrati  ul,  ,  ^  '  ' 
r, .    accomplished  ir.  real.itic  col'^^.  ' 

i.    vis^^d"  as  m  ai^i  for  r^^ner-i^  .i'^m^-. 


(^/05)    T\\e  term  "rourhc"  means 


a.  the  ^refinement  of  design  of  a  thumbnail  sketch  k 

b.  that  your  drawing  must  be  made  on  a  rou^h  textured  paper. 

c.  that  a  complex  form  has  been  poorly  draWn. 

d.  the  first  drawing  in  a  series  of  scale  drawings  of  a  new  prototype  aircraft 
(60S)    The  "rough"  should  be  drawn  to    *  ^ 

a.  one-half  the  size  of  the  original.        '  ^  ' 

b.  the  same  size  as  the  final  drawing.  ^  * 

c.  any  scale  that  the  illustrator  wishes  to  use. 

d.  show  only  the  important  parts  of  the  design. 

(605)  As  an  illustrator,  it  wou^d  be  impractical  of  you  to  produce  a  "rough" 
on  a  sheet  of  .  *  .  '  ' 

a.  white  bond  pa'per.  c.'  semi-transpai?ent  material. 

b.  tracing  paper.  d.    pebble-grained  textured  display  board. 

(505)    A  comprehensive  drawing  is 

a.  usually  accomplished  after  a  thuisbnail  ^sketch  has  been  m^de . 

b.  always  made  to  th^  same^size  as  a  ttiumbnail  sketcfi.  ^ 

c.  norinally  finished  in  pastel  colors. 

d.  used  to  sho*  what  the  final  product  will  look  like.  v.  \ 

(606)  A  comprehensive  drawing  is 

a.  made  prior  to ^ the  final  product, 

b.  never  used  for^a  detailed  layout. 

c.  always  used  in  place  of  the  final  product. 

A,  'not  necessary- in'  the  production  of  the  final  product. 

Cw7)    Composition  is  divided  into  how  nany  basic  elements? 

c.  2. 

d*  l.--^ 

(607)  *//Kat  a^e^"^^  basic  elements  of  composition?^ 

\  .  ^ 

a.     Depths  *  value ,  and  color.  c.     Line,  value,  and  color. 

0.     Area,^  depth,  line,  and  value.      d.    Area,  depth,  value,  and  pose. 

(607)    The  fcreation  of  an  illusion  of  distance  on  a  two-dimensional  surface 
is  called 


<a.    depth.  *    c.  value. 

K  area.  ,  "  ^  -  ,d.'  ,  composition. 

^60*7')    'The  terrti  "line"  wlien  used  in  conjunction  with  composition  means 

a.  the  number  of  lines  used  in  the  construction  of  ,the  djKiwing. 

b.  the '■dire c?ioa  *in  which  the  eye^  moves  to  focus  on  ^  PW^^  interest 
in  an  illustratiort. 

c.  the  nuifibcSr  of  cbmplex  vertical  lines  which  lead  to#-the  main  point  of 
interest*. 

^d;    all  of  the  horizontal  and  vertical  lines  used  in  the  composition  of 
^*^the  drawing.,     '  ,        ,  '  ^  -  ^ 

\(607')  The''el^(|^nt  of  composition  which  creates  the  mood  or  gives  the  overall 
ke^.  to.  a  drawing  is  called 

a.  color.  ^  ,  c.  focus. 

b.  li'nevf.  '  ' •  d.  value. 


(607)  An  illustration  of  a  downed  aircraft  in  the  Disr.ai  Swanps  cf  North 
Carolina  would  be  best  portrayed  using  s'-^ades  havin?  *     *  ^ 

a.    high  <ey  valties.  c.    low  key  values.  * 

normal  key  values.       ,  d.    very  thin  Key  valuec, 

(603)    VJhiich  of  the  followinr  ii         nor-allv  considered  a  Drir.ciola  .f 
conposition?    -  " 

a.  Style.   "  c.  ^alance. 

b.  Rhythm.  Proportion. 

(608)  The  act  of  placing  two  identical  forms  on  either  s'de  of  an  i^rlfc^lnar 
vertical  centei^line  is  ^n  illustracion  of  which  kind  of  balance? 

a.     InforiTval*  -  c.  Asymmetric. 

0.    Geometric.    ^  i.  formal. 

(608)    A  large  mass  balanced  by  a  smaller  Tass  in  an  illusrratlon  is  knoun 

a.  informal  balance.  '         *     c.    formal  balance.  * 

b.  7^(pnetric  oaiance.  "     -     d.    symrierric  balance. 

*      '  '  .  /  "     •  . 

'(603)    Since  n^o  mathenarical  rules  apply  to  achieving,  infcrinal  oalance  i.i  a 
drawing, ^the  artist'nusr  depend  largely  on 

a.  Textbook  materials.  c.    the  number  of  elements  used. 

b.  -    his  own  sense  of  balance.  d.    the  kind  of'paper  used. 

(608)  3y  dividing  an  illustration  into  equal  thiyds,  ycu  .-ave  applied  the 
Drincii>le  known  as  * 

s*         ^      .  ?  " 

«^  » 

a.  informal  balance.  c.    the  Golden  Divisicn. 

b.  '   quarxering  the  illustration.        d-.     analytical  balance. 

(609)  .  An.illustration ' that  has^  the  appearance  of  "falling  acart"  is  lackin 
the  compositional  eletnent  known  as  *' 

a.     clarity.      *  c.  simplicity, 

o.    unity.  ^  ^       ^        d.  rhytnn. 

(609)    The  preferred  heignt  of  an  illustrated  human  fieare  is  ' 

-  * 

a.  2  head  units  high.  c.    6  head  units  hign. 

b.  u  head  units  high.  i.    3  head  units  nigh.  - 

(509)  The  chief  structural  difference  oetween  the  mal^  ard  female  figure  i 
found  in  ' 

a.  the  bone  and  m.uscle  areas.        ,        f^e  facial  Jeatu^s . 

b.  the  size  and  shape  of  the.  head.  d.     the  tone  a:/,  te/ture  of.  the  skin. 

(509)    An  illustration  of  a  twelve-year-old  boy  should  do 

a.  8  head  units  high.  c.    6  head  units  high. 

b.  7  head  units  high.  d.     5  head  unfits,  hign. 

^6lJ)    The  torso  of  tho  human  figure  is  composed  'of  how  many  masses? 


■'I.     (bio)     rho  |virJ  o*"  rh*'  ^'>^''.o•"wlu  oli    w»rVt*  .       .1  I)  irwj  f<^r  Mu*  oi  her  p.irt  of 

a.  abdomen.  c.  pelvi.:. 

b.  rib  cage.     ,  d.  epigastrium. 

32.  ^610)    In  an  illustrated  figure  of  the  -human  body,  the  "chest,  abdomen,  and  the 
pelvic  ^^hould       ^onnectod  b/-  ^-he 

*  •  < 

i.     riL  ca^'e,  *         c.     collar  bone. 

b.     snojj]  ier  s;ir\lle.  d.    spinal  column.  ^ 

33.  K-1)    Ho'./  many  bones  are  contained  in  the  upper  and  lower  arm? 

a.  3.  "         ,  c.  5- 

b.  u.  d.  6. 

3U.     (611)    What  i^  che  relationship  between  the  lengths  of  the  upper  and  lower 
arms  of  the  human* body? 

a.  The  upper  am  is  about  3  inches  longer. 

b.  The  lower  arr  is  about. 5  inches  longer. 

c.  The/  are  approximately  the  same. 

35.     (5*11)    Whai  is  the  shape  of  the  leg  and  calf  of  the  human  form? 


a.     Square.  c.  Circular. 

D.    Triangular.  '  d.  Conic. 


36.     (oir)    Which  bone  of  the  human  body  is  considered  to  be  the  most  perfect  of 
all  levers? 

a.  'Jlna.  c.  Humerus.  *  ^ 

b.  Radius.                  •  d.  Femur.  '  * 


37.     (611)    In  a  drawing  of  tfic  human  leg,  the  ankle  is  represented  as  a 

a.  square.  c.    reverse  curve. 

b.  triangle.  d.  ^  inverte4  wedge.  . 

33.     (':12)    The  lashes  on  the  upper  and  lower  lids  of  the  eye  serve 

a.  only  as  shades  for  the  pupil. 

b.  as  vhades  ancl  sensitive  feelers  to  protect  the  eye. 

c.  as  body  Secoration  only. 

d.  no  purpose  at  all. 

39.     (612)    >/hat  part  of  the  face  is  capable  of  much- express  ion  and  movement,  aside 
from  the  eyes? 

a.  Nose.  c.  Forehead. 

b.  Chin.  '  d.     Mouth.  ^ 
i+O.     (D12)    The  normal  length'  of  the  ear  in  comparison  to  that  of  the  no3^e  is 

a.  shorter. 

h.     Ioniser.  '  ,  ^« 

^ne  same. 

1*1.    /^13)    ./hat  part  of  the  body  is  capable  of  great  expression,  other  than  the  face? 


c.  Hands 

d.  Tor^o 


U2.    (613)    One  of  the  significant  details 'in  drawing  hands  is  the 

;  .  # 

a*    form  of  the'  back  of  the  hand.      c.    form  of  the  palm.  . 
^     b.    placement  of  the  folds.  d.    lengxh  of  the  fingers,  f, 

U3.    (613)    The  lengi^  of  the  feet  is  approximately^ 


^9. 


a.  wice  that  on  the  thumbs. 

b.  one-half  the  distance  from  the  elbows  to  the  vrists. 

c.  twice  the  distance  from  the  pelvis  to  the  knees. 

d.  ^  one-^alf  the  distance  fr.om  the' knees  to  the  bottcrr.  cf  the  feet. 

uu.    (Slu)    The  main 'difference  between  cartooning  and  figur^ drawing  in 

a.  simplification  of  features.         c.  movement. 

b.  foreshortening.  d.  balance. 

M>5.    (olu)    '-Cartoon  facial  expressions , are  produced  by  the  movement  or  lack  of 

movernenr  of  the 
> 

»   a.    eyes,  ears,  mouth,  and  nos<3. 

b.  forehea(^,  eyes,  ears,  and  nouth. 

c.  nose,  forehead,  eyes,  and  noUtri. 

d.  ears,  nos^,  forehead,  and  Tiouth. 

U6.    (615)    Cartoon  character  and  emotional  expressions  are  controlled  by 

a.  the  body  only.  c.    the  body  and  the  hands. 

b.  the  hands  only.  '         d.    the  face. 

U7.     (615)    What  does  the  term  "animation"  mean? 

a.  Drawing  animals.  ^ 

b.  Drawing  animals  with  human  characteristics. 

c.  The  process  of  drawing-,  cartoons . 

d.  Making  figures  appear  to  move. 

U8.     (616),    The  main  purpose  of  the  landscape  is  to 

a.    serve  usually  as  the  chief  subject  of  an  illustration, 
o.    set  tjhe  scene  for  the  center  of  interest.  ^ 
c.    s'erve' only  as  a  fill-in  for  the  total  picture'. 


*(616)    You  have  just  completed  a  series  of^^p^PTT^^gs^  of  the  Air  force  .-caae-nv. 
In  each  drawing  ybu  have  included  the  chapel  as  a  means  cf  identificat.cri. 
This  means  that  all  of  your  drawings  will 

a.  have  a  goo4  background. 

b.  tend  to  be  boring*, 

c.  ha^e  good  audience  appeal. 

d.  create  a  mood  of  joy  and  splendor. 

50.     (616)    An  artistic  painting  of  the  Paseo  ^el  Rip  in  Zar  .ATitonio,  properi;; 
executed,  should  be  abJLe  to  reveai  to  a  viewer  ^ 

a.  the  style  used  by  the  artist. 

b.  "Che  t>pe  of  marcriais  used  by  the  artist. 

a*  the  geographi-cal  location  of  the  subject, 

d.  when  the^'painting  was  accomplished'. 
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P  r  e  f  a  c  e 

THE  INFORMATION  in  this  volume  is  not  intended  to  be  a  complete  text 
on  any  of  the  subjects  cqntained.  Instead,  it  is  intended  to  cover  the  subject 
only  well  enough  that  you  will  have  the  necessary  background  knowledge  to 
cany  out  your  job  related  assignments. 

The  first  chapter  in  this  volume  contains  information  on  perspective  and 
its  uses.  The  second  chapter  is  on  visual  communication  (what  the 
iUustration  field  is  aU  about).  Chapter  3  is  on  graphic  reproduction  method, 
and  processes.  Almost  all  art  work  ends  wp  as  a  reproduction  item  in  some 
form  or  another.  Your  job  in  the  Air  Fofqg^to  produce  visual  aids  so  that 
other  people  can  comprehend  complicated  subjects  simply. 

We  suggest  that  you  study  ?ach  chapter  carefully  before  proceeding  to  the- 
next.  You  can  check  your  understanding  of  the  text  by  completing  the 
review  exercises  at  the  end  of  each  objective. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng 
Cen/TTOC,  Lowry  AFB  CO  80230.  NOTE:  Do  not  use  the  suggestion 
program  to  submit  conections  for  typographical  or  other  errors. 

If  you  have  questions*  on  course  enrollment  or' administration,  or  any  of 
Ea's  instructional  aids  (Your  Key  to  Career  Development,  Behavioral 
Objective  Exercises,  Volume  Review  Exercise,  and  Course  Examination), 
consult  your  education  officer,  training  officer,  or-NCO,  as  appropriate.  If  he 
can't  answer  your  questfons,(send  them  to  ECI,  Gunter  AFS  AL  36118, 
preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 
This  volume  is  Valued  at  18  hours  (6  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
April  1975. 
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.  NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of* Learning  Qbjectives. 
Each  of  these  carries' a  3-digit  number  and  is  in  boldface  tfype.  Each  sets  a  learning  goal  for 
you.  The  text  that  follows  the  objective  gives  you  the  information  you  need  to  reach  that 
goal.  The  exercises  following  the  information  give  you  a  check  on  your  achievement.  Wh^n 
you  complete  them,  see  if  your  answen  match  those  in  the  back  of  this  volume.  If  your- 
response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Perspective 


DRAWING  A  three^iimensional  object  on  a. 
twodimensional  surface,  is  problematical. 
Children  ignore  such  problems  by  drawing  the 
objects  as  they  know  them  to  be,  not  as  they 
appear.  For  example,  when  a  child  draws  a 
house,  he  drawsit  as  a  redSangle  (a  square  or 
oblong  box  form)  and  draws  all  the  furniture  . 
in  it.  From  hi^  drawing,  it  would  be  very 
difficult  to  hxiagine  how  the  actual  house 
appears  to  a  viewer.  Unfortunately  perh^s, 
an  illustifltor  is  not  often  allowed  a  chijid's 
freedom.  .When  he  draws  a  house, « he  wants 
the  o  bserver  to  get  an  accurate  image. 
Therefore,  he  cannot  overiook  the  problems; 
instead,  he  uses  a  technique  called  perspective 
to  make  a  two-dimensional  drawing  appear 
three-dimensional. 

Like  any  griiphics  specialist, 'you  need  to 
know  the  basic  principles  involved  in 
perspective  drawing.  We  discuss  these 
principles  in  this  cht^ter.  If  you  learn 
thoroughly  the  fundamentals  of  perspective, 
you  vriH  be  -  able  to  -apply .  them  in  your 
drawing;  these  principles  'will  Jbecome 
automatic.  Let  us  begin  our  studj^with  the 
fundamentals  of  perspective. 


1-1.  Fundamentals  of  Peispective 

•  If  Vou  were  boking'out  the  observation 
windc^w  at  the  rear  of  a  train,  you  might  see  a 
scei[ie  I  something  like  the  one  in  figure  1-1. 
Why  do  some  people  have  difficulty  drawing 
such  a  scene?  It  is  probably  because  they  do 
not  understand  the  principles  of  pisrspective 
on  wtiich  such  a  dxawing  is  based.  If  they 
draw  a  line  sli^tiy  out  of  persi^ectiye,  they 
do  n^t  know  how  to  make  it  look  right.  By 
disciis|!ling  how  to  make  the  illustration 
accurately  reproduo^  what  you  might  see,  we 
can  introduce  you  to  the  principles,  teAns, 


and  definitions  of  perspective  drawing.  Before 
you  can  use  the  language  of  perspective,  you 
must  learn  these  fundamentals.' 


800.*  Given  an  illustration  (fig.  1-3)  that  shows 
fundamental  elements  of  perspective,  identify 
each  element  and  define  it;  explain  why  the 
station  point  so  greatly  influences  the 
perspective,  and  explain  the  relationship 
between  the  picture  plane  and  the  object. 


Perspective  Principles  and  Nomenclature. 
One  of  the  most  important  lines  of 
perspective  drawing  is  the  horizon.  It  may  be 
a  visible  line  (ias  shown  in  fig.  1-1)  that 
represents  the  actual  horizon  and^the  eye  level 
of  the  observer,  or  it  may  be  imaginary  and 
not  show  at  all.  When  the  ^horizon  does  not 
Show  in  the  final  picture,  an  imaginary 
horizon  is  used  to  establish  both  the  eye  level 
of  the  observer  and  the  variishing  point  (VP)s 
The  vanishing  point,  is  that  pointy  on  the 
horijEon  toward  which  all  Unes  representing 
parallel  horizontal  ^^es' converge.  Thus,. in 
figure  1*1  the  lines  representing -the  rails  and 
fences,  which  are  parsdlel  horizontal  edges  of ' 
the  objects  shown  in  the  picture,  converge  to 
the  sin^e  point,  VP.  Notice  in  the  scene  that 
only  the  horizontal  lines  that  are  not  paraUel 
to  the  picture  plane  (represented  by  the 
KKjtanguiar  outline)  vanish  at  VP.  The  lines 
Tbpresenting  the  fence  that  runs  parallel  to  the 
picture  plane  do  not  converge  and  are 
therefore  drawn  as  parallel  horizontal  lines. 

•  The  ground  line,  which  ^presents  the 
intersection  of  the  ground  plane  (surface  of 
the  ground)  and  the  picture  pUine  (rectangular 
outline),  is  another  important  line  used  in 
perspective  drawing.  Alttiough  we  know  the 
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Fi^re  1-1.  Vanishing  point  and  horizon. 


lines  in  the  picture  are  all  drawn  on  the  same 
two-dimensional  surface,  only  the  points  of 
these  lines  that  touch  the  ground  line  appear 
to  be  in  this  plane.  For  example,  only  the 
parts  of  the  two  rails  that  touch  the  outline  of 
the  pictuxe  appear,  to  be  in  the  picture  plane. 
Tl\e  remainder  of  all  of  the  lines  appear 'to 
recede  behind  this  surface.  This  is  what  gives 
the  two-dimensional 'drawing  the  apfpearance 
jofjiaving  three-dim«hsions.  Thus,  the  parts 
of  the  picture  that  touch  the  picture  plane  are 
the  only  parts  shown  true^ize.  All  other  parts' 
appeal  smaller-,  and  smaller  as  we  look  back  to 
the  Jj^oriton.  Since  the  ground  line  i&  in  the 
picture  plane,  we  can  use  it  as  a  measuring 
line  toi;  establishing  the  relationship  between 
parts  of  the  picture.  For  eaKunple,  if  we  know 
that  the  two  rails  of  th^^railroad  track  are  4 
feet  8^  inches  ^art,  we  can  use  the  distance 
between  the  rails  at  the  ground  line  as  a  unit 
of  measurement  to  establish  the  lines  of  the 
fences  on  each  side  of  the  tracks.  Of  course, 
we  will  have  to  extend  the  ground  line  on 
each  side  so  that  we  can  measure  the  actual 
distance  between  the  tracks  and  the  fences.  If 
we  estimate  that  the  fences  are  30  feet  ;from 
the  tracks^  theii  ^e  measurement  along  the 
ground  ,line  from  the  tracks  to  the  fenc^  'will 


be  approximately  six  times  tk^  distance 
between  the  two  raifs. 

Now  let's  study  some  of  the  principles  of 
perspective  drawing.  As  ^  shown  in  figure, 
1-2, A,  when  a  pefrson  looks  at  ant:)bject,  light 
rays  reflected  by  the  object  are  focused'  by 
the  lens  of  the  eye  so  that  they  pass  through  a 
focal  point  arvd  strike  the  sphferical.  rear 
.surface  of  the  eye,  forming  ah  inverted  image. 
This  is  a  jJerspective  image;  sinc6Mt  has  only 
two  dimensions;  yet  it  appears  to  have  tl^fee. 
The  closest  v^e  can  come  to  duplicating  this 
process  by  pictorial  means  is  by  drawing  the 
object  in  perspective- 

The  simplest  method  of  making  a 
perspective  drawing  that  looks  like  the  object 
is  to' make  a  tracing  on  a  piece  of  glass.  That 
is,  you  place  a  pane  pf  glass  between  you  and 
the  object  and  use  a  suitable  marking' toof 
such  as  a  grease  pencil  to  trace  all  visible  edges 
of  .the  object.  But  this  method  works  only  if 
you  have  some  means '  of  holding  the  "glass, 
and  you  don't  move  your  head  while  making 
the  drawing.  However,  even  though  this 
method  is  rather  impractical,  it  does  illustrate 
some  of  the  principles  of  perspective. 

Note  the  similarity  between  the  illustrations 


in  figure  1-2, A,  and  figure  1-2,B.  In  both, 
light  rays  that  converge  at  a  single  point 
detennine  the  prominent  ^  points  of  the 
perspective  image.  If  we  moved  the  pane  of 
glass  to  the  other  side  of  the  station  points, 
which  represents  the  eye  of  the  observer  and 
the  point  through  which  the  rays  are  not 
passing,  and  blocked  out  all  other  light  rays, 
an  inverted  image  would  be  produced  just  as 
the  one, in  figure  1-2 A  so  you  can  see  the 
same  principles  are  used  in  both  illustrations. 
Now,  let  us  go  over  the  illustration  in  figure 
1-23,  to  learn  other;  terms  and  their 
definitions. 


One  of  the  most  important  tentft  of 
perspective  drawing  is  station  point.  It  is  the 
point  through  which  all  converging  light  rays 
(called  visual  rays  in  perspec^ve  drawing) 
pass.  Actually,  the  station  point  represents 
the  position  of  the  obs^erver's  eyes  in  relation 
to  the  object.  The  position*  of  the  station 
point  greatly  influences  the  perspective;  if  it 
changes,  so  does  the  perspective  change 
accordingly. 

In  figure  1-2,B,  the  station  point  is  located 
directly  in  front  of  the  object.  If  the  observer 
rndves  some  distance  to  his  left,  his  line  of 
si^t  is  at  an  angle  to  the  object  plane  (one  of 
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the  object^s  surfaces),  and  naturally,  th^ 
object  appears  different.  He  is  able  to  see  the 
,  left  side  of  the  object  as  well  as  its* front 
sOrf^e.  Moving  to  the  right,  upward  or 
downward,   has   a  similar  effect.  Moving 
nearer  or  farther  away  makes  the  object 
appear  larger  or  smaller.  Since  the  position  of 
.  *  the  station  point  is  so  important,  it  is  one  of 
'  the  first  things  to  establish  when  you  make  a 
perspective  drawing.  You  will- see  how  this  is 
done  after  we  discuss  other  important  terms 
shown  in  figure  1-2,B,  and  1-2,C. 

The  picture  plane  is  another  important  ele- 
ment in  jperspective  drawing.  As  we  said  before, 
*  the  picture  plane  can  be  real  or  ima^ary.  In 
figure  l-2iB,  it  is  the  surface  of  the  pane  of 
glass  on  which  the  perspective  is  drawn.  Since 
we  seldom  draw  a  perspective  this  way,  we 
sometimes  imagine  ttie  picture  plane  in  this 
position,  but  use  the  drawing  paper  as  the 
picture  plane.  We  always  consider  the  surface 
of  the  picture  plane  to  be  perpendicular  to 
the  observer's  line  of  si^t  and  to  the 
horizontal  ground  plane. 

*  In  the  '  language  of  perspective,  the 
observer's  line  of  sight  {centerline  of  visionj  is 
known  as  the  axis  of  vision.  Since  the  axis  of 
vision  and  the  ground  plane  are  both 
perpendicular  to  the  picture  pl|ine,  the  axis  of 
/  vision  is  parallel  with  the*  ground  plane.  The 
axis  of  vi^on  is  represented  in  figure  1-2,B>  by 
a  horizontal  line  drawn  from  the  statical  point 
to  the  object  and,  as  you  can  see,  it  is  chrawn 
parallel  to  the  ground  plane  and  perpendicular 
to  the  picture  plane.  The  point  at  which  this 
line  intersects  tpe  picture  plane  is  called  the 
center  of  vision. 

Now  look  at  figure  i-2,C.  This  figure  shows 
the  four  planes  involved  in  perspective 
drawing.  Two  of  these  are  vertical-  planes  and 
two  are  horizontal  planes.  We  hav^  already 
discussed  the  picture  plane  and  the  object 
plane  in  figuie  1-2,B.  Let  us  add  some 
information  about  the  object  plane  before  we 
discuss  the  two  horizontal  planes. 

The  object  plane  represents  any  vertical 
surface  of  the  object.  In  the  case  of  the 
illustration  shown,  it  represents  a  wall  on 
which  a  cross  is  attached.  An  object  plane  can 
be  po^D^ndicular  or  oblique  to  the  axis  of 
•  vision,  dei^ending  on  its^position  in  relation  to 
the  station  point. 

Since  the  ground  plane  and  horizon  plane 
are  both  horizontal  planes,  they  are  always 
parallel  to  each  other.  The  ground  plane 
represents  the  surface  of  the  earth,  while  the 
horizon  plane  represents  an  invisible  plane 
passing  through  the  station  point  and  the 
earth *s  horizon.  The  important  fact  about 


these  planes  is  their  intersection  with  the 
picture  plane.  The*  intersection  of  the  ground 
plane  and  the  picture  plane  forms  the  ground 
line,  which  we  have  already  discussed.  The 
intersection  of  the  horizon^  plane  and  the* 
picture  plane  forms  a  line  called  the  horizon. 

If  we  were  to  place  our  drawinjj  paper  in 
the  same  position  as  we  placed  the  pane  of 
glass  in  figure  r-2,B,  and  1-2,C,  we  could  not 
see  the  object;  we  must  therefore  use  some 
other  method  of  drawing  an  object  in 
perspective.  The  principles  of  various  methods 
of  drawing  jjeispective  are  illustrated  in  figure 
1-24D,  l-2TE,andl-2,F. 

To  draw  a  three-dimensional  object  on  a 
two-dimensional  surface,  you  must  know  the 
shape  and  dimensions  of  the  object.  The  best 
ways  of  using  this  information  is  to  make 
two-dimensional  drawings  of  the  plane  and 
elevation  views  of  the  object.  D,  E,  and  F  of 
'figure  1-2  show  the  principles  involved  in 
using  these  views  to  locate  the  prominent 
points  on  the  picture  plane.  After  establishing 
these  points  on  the  picture  plane,  you  can 
draw  the  perspective. 

We  establish  the  prominent  points  on  the 
picture  plane  by  drawing  visual  rays  b^veen 
the  station  point  and  all  prominent  poii^  on 
the  object  and  finding  where  these  visual  rays 
pierce  the  picture  plane.  Notice  how  clearly  D 
and  E  of  figure  1-2  show  the  points  at  which 
the  visual  rays  intersect  the  picture  plane.  The 
reason  for  this  is  that  our  line  of  sight  is  ' 
perpendicular  to  the  edge  of  the  picture  plane 
in  both  top  and  side  views.  For  this  reason, 
we  can  also  take  direct  measurements 
between  ihe  points  of  intersection,  which  we 
call  the  piercing  points,  to  establish  the  width 
and  height  of  our  perspective  as  well  as  all 
other  prominent  points.  (Piercing^  points,  to 
say  it  another  way,  are  the  points  where  line 
of  vision  intersects  with  the  picture  plane.) 

A  much  easier  method  of  establishing  the 
prominent  points  of  the  perspective  on  the 
picture  plane  is  to  position  the  top  and  side 
views  as  they  are  shown  in  figure  1-2,F,  The  • 
top  view  is  placed  above  the  drawing  paper  so 
that  the  picture  plane,  P-P,  is  parallel  with  the  . 
top  edge  pf  the  paper.  The  side  view  is  placed 
to  the  side  of  th^paper  so  that  its  picture 
plane,  P-P,  is  parallel  with  the  vertical  edge  of 
the  paper  After  drawing  visual  rays  to  the 
station  point  in  each  view,  you  draw  vertical 
projection  lines  from  the  piercing  points  in  , 
the  top  view  and  horizontal  projection  lines 
from  the  piercing  points  in  the  side  view.  The 
intersections  of  the  projection  lines  from  the  ^ 
corresponding  piercing  points  in  both  views 
establish  ,  the    prominent    pfbints   of  the 
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perspective  on  the  drawing  paper.  To  draw 
the  perspective,  you  draw  lines  between  the 
appropriate  poinU. 

Before  we  leave  figure  1-2,  let  us  use  it  to 
ahqw  how  important  the  ,  position  of  the 
pic^re  plane  really  is.  Actually,  there  are  two 
aspects  of  its  position  to  consider.  The 
distance  between  the  picture  plane  and  the 
objpct  affects  the  perspective!  The  perspective 
is  ^o  affected  by  the  an^e  between  the 
pic^re  plane  and-the  object.  In  our  examples, 
we  used  the  simplest  angular  position.  In  fact, 
to  amplify  our  explanations,  we  eliminated 
apy  gnguikr  position  altogether  by  placing  the 
picture  plane  parallel  to  the  object  plane. 

Xhe  distance  between  the  picture* plane  and 
the^objfect  affects  the  size  of  the  perspective. 
UsQ  figure  1-2 J)  and  E,  to  visualize*  what 
would  h^pen  if  we  were  to  move  the  picture 
plane  further  from  the  object  (closer  to 
station  point).  You  can  see  that  this  'would 
redyice  the  penpectiye  even  more.  As  we 
move  the  picture  plane  closer  .to  the  object, 
the  perspective  becomes  larger  since  the 
picture  plane  intenects  the  visual  rays  at 
points  nearer  the  object.  If  we  wanted  the 
peripective  of  the  front  surface  of  the  object 
to  t>e  true  size,  we  would  place  the  picture 
plane  ti^t  on  the  object  plane.  If  the  object 
waa  small  and  we  wanted  our  perspective 
drawing  to  be  an  enlargement,  we  would  place 
the  picture  plane  beyond  the  object.  You  can 
visualize  ,the  arrang^ent  if  you  imagine  Chat 
the  object  and  picture  planes  in  figure  l-23> 
are  reversed  in  position. 

Positioning  the  picture  plane  at  an  angle 
with  tixe  object  ,  complicates  the  penpective 
drawing.  Since  we  must  keep^the  axis  of 
vi5xox\  perpendicular  to  the  picture  plane,  we 
must  also  change  the  position  of  the  station 
point*  When  we  do  this,  we  see  one  side  and 
"Jjesiibly  the  top  or  -the  bottom  surfaces  of  the 


*  object  as  weU  as  the  front  surface.  This  will 
make  it  necessary  to  use  a  different  type  of 
perspective  drawing.  - 

Since  the  position  of  the  station  point  has  a 
great'  effect  on  perspective,  let  us  find  out 
where  the  stafion  point  should, be  placed.  Of 
course,  its  position  depends  on  the  effect  you 
desire.  If  you  place  the'station  point  close  to 
the  object,  the  comers  of  th^  perspective  will 
be  sharp,  and  your  perspectivje  will  ^ pear 
distorted.  Actually,  the  farther  you  place  the 

•station  point  from  the  object,  the  more 
lifelike  your  perspective  will  appear.  However, 
if  you  place  the  station  point^sq  far  from  the 
object  that  it  is  not  on  your  drawing  paper,  • 
you  will  find  it  more  convenient  to  locate 'the 
station  point  somewhere  on  your  drawing 
paper  or  at  least  on  your  drawing  table. 

In  figure  1-2,E,  flie  station  poirit  is  placed 
so  that  the  largest  an^e  between  any  two 
visual  rays  is  equal  to  30° .  This  is  a  good  rule 
to  use  in  placiiig  the  station  point,  since  it 

"gives  an  interesting  penpective  .without  too 
much  distortion.  A  simple,  ^practical  way  to 
establish  the  station  point  using  thi^  30""  rule 
is  to  first  draw  the  line  representing  the  axis 
of  vision  (which  you  know  is  perpendicular  to 
the  picture  ^plane  and  is  level  with  the 
horizon).  ^Then,  xising  the  view  with  the 
widest  span,  slide  the  30°  cdmer  of  a  30°  to 
60°  triangle  along  this  line  until  the  edges  of 
the  triangle  just  touch  the  outermost  points 
of  the  top  or  side'view.  The  tap  of  the  triangle 
establishes  the  position  ol^  the  station  point. 
Since  the  side  view  of  the  object  had  the 
widest  span,  we  used  it  .  to  establish  the 
position  of  the  station  point,  SP,  in  figure 
1-2,E.  Then,  we  placed  the  SP  in  figure 
at  the  same  distance  from  the  picture  plane.  If 

^  you  h aye  a  triangle  handy,  try  this  method  on 
the  station  point  shown  in  figure  l-2fiy  and 
see  how  it  works,  «    :  \ 


Figure  1-3*  Perspective  nomenclature. 


Exercises  (800)': 

1.  Using  exercise  figure  1^  that  shows  various 
unnamed  elements  of  perfective,  write  in 
the  appropriate  term;  for  each  (from  the 
following  Ust). 

a.  Horizon^ 

b.  Vanishing  point  (VP). 

c.  Ground  line  (GL). 

d.  Picture  plane  (PP). 

e.  Station  point  (SP). 

f.  Visual  rays  (projectors). 

g.  Genterline  of  vision -(dCV). 
Ji.  Object  plane. 

i.  Horizbn  plane. 

j.  Measuring  line  tML).  . 

'  2.  Define  each  of  the  above  terms. 


'  3.  Why  does  the  station  point  critically  affect 
perspective? 


4.  How  does  the  distance  between  the  object 
and  the  picture  plane  affect  perspective? 


801.  Name  and  briefly  describe  the  three 
types  of  perspective,  and  given  figure  1-12, 
specify^each  of  the  respective  types. 


Types  of  J*erspective.  Perspective  drawings 
are  one-view  drawings  in  that  one  view  shows 
a  three-dimensional  object  in  a  definite 
proportional  relationship.  While  perspective 
drawings  do  not  show'  an  object  in  its  true 
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Figure  1-4.  One-point  penpective  drawing. 
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'      Figure  1-5.  Position  of  station  point. 

shape  and  dimension,  ihe^/  do  show  how  the 
object  looks  from  that  point  of  view. 

Parallel  p^npectioe.  Parallel  (one-point) 
perspective  occurs  when  two  dimensions  are 
parallel .  to  an  imaginary  plane  of  reference 
called  the  picture  plane. 
,  Figure  1^  is  a  one-point  perspective 
projection  of  a  cube  from  a  top  apd  side  view 
in<  orthogr2^)hic  projection.  .Thq.  technical 
terms  used  in  discussing  perspective 
projection  are  aqppropriately  displayed  in  the 
figure.  *  * 

Notice  that  the  picture  plane  becom^  a 
line  in  the  top  and'  side  orthographic  views. 
Projectors  from  the  comen  of  the  top  view 
are  drawn  converging  toward  the  station  point 
but,  from  the  points  where  the  projectors,  or 
visual  rays,  pierce  the,  picture  plane,  parallel 
projectors  ate  dmwn  down  to  the  perspective 
view. 

The  station  point  for  the  side  view  is 
actually  the  same  station  point  as  that  shown 


for  the  top*  idew.  It  is,  therefore,  the  same 
horizontal  distance  from  th^  cube,  but  its 
elevation  shows  the  height  of  the  statioa 
point  jJjove  the  level  of  the  cube.  The^picture  ^ 
'  plane  in  the  side  view  is  also  th'e  same  d^tance 
-  from  ihe  cube  as  in  the  top  view,  and  the 
ground  line  in  this  view,  oii  which  the  picture, 
plane  rests,  defines  the  gipund  line  x)f  the 
picture  plane  in  the  perspective  drawing. 

In  the  side  view,  projectors  are  dr^wn 
converging  to  the  station  point,  and  at  their 
piercing  poiiits  on  the  picture  plane,  parallel 
horizontal  projectors  are  dmwn  to  the 
perspective  drawing.  The  intersection  point  of 
a  projector  from  a  comer  of  the  cube  in  the 
,  top  view  with 'the  projector  from  the  same 
'  comer  in  the  side  view  locates  th6  comer  in 
the  perspective  drawing. 

Notice  that  the  center  of  vision  in  this 
drawing  js  .located  directiy  above  the  station 
{joint  in  'the  perspective  drawing  ancl  on  the 
same  line  with  the  station  point  for  the  side 
view  of  the  cube. 

The  center  of*  vision  defines  the  point  at 
which  all  lines  perpendicular  to  the  picture 
plane  in  the  perspective  drawing  converge.  It 
is  also  called  parallel  perspective  because  'the 
front  face  of  the  object  is  parallel  to ,  th^ 
picture  plane. 

In  parallel  perspective  drawings,  the  center 
of  vision  is  not  necessarily  centered  on  the 
object.  It  may  fall  to  one  side  or  the  other  as 
shown  in  figure  1-5.  However,  when  the  front 
'  face  is  parallel  to  the  picture  plane,  and  the 
center  of  visioji  is  at  one  side  of  me  drawing. 


Flgur«  1-6.  Two-point  (angulmr)  p#rsp«ctive. 


Figure  1-7.  Locating  vaniihing  point. 


there  will  necessarily  be  some '  distortion. 

•Actually,  the  drawing  becomes  an  oblique 
projection  and  not  a  true  perspective  drawing; 
Notice  that  in  order  to  make  such  a  drawing, 

.tiie  object  must  be  considered- as  resting  with 
its  front  face  against  the  picture  plane.  If  this 
were  not  so,  converging  projection  lines  from 
the  comers  of  the  front  face  would  alter  its 
appearance  so  that  it  would  no  longer  appear 


to  be  parallel  with  the  picture  plane.  In  fact, 
as  you  will  see,  it  would  then  become  a 
two-point,  '  rather  than  a  one-point, 
perspective  drawing. 

Two-point  perspective.  The  second  type  of 
'perspective— two-pointHs     the  most 
commonly   used   for   making  perspective 
drawings.     In     two^oint,     or  angular 
perspective,  the  object  is  considered  as  sitting 


'  A 


III 


I  i 


\ 

\ 

\ 

1 

1 

4 


Y 
tf 


ERJC  . 


Figure  1-8.  Two-point  (without  elevation  of  object). 
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at  an  an^e  to  the  picture  plane.  In  the' 
perspective  drawing  of  sucn  an  object,  thej:e 
ar§  two  sets  of  horizontal  edges  converging 
toward  two  "different  vtoishing  points  on  the 
eye  level  or  horizon  line.  The  parallel  lines 
that  slope  to  the  right  will  vanish  at  a  point  \n 
the  distance  called  the  right  vanishing  point 
(VPR),  and  those  that  slope  to  the  left  at  a 
point  called  the  left  vanishing  point  (VPLi. 
(See  fig.  1-6.) 

In  the  figiire,  the  top  orthograpfeic  view  of 
the  block  was  drawn  first.  The  position  of  tne 
picture  plane  was  then  determined. 

Whetn  the  fcomer  of  the  object  rests  against 
the  picture  plane,  the  vertical  line 
representing  the  comer  in  the  perspective 
drawing  will  be*  full  size  (just  as  in  one-point 
perspective,  where  the  front  face  is  full  size  if 
it  rests  against  the  picture  plane).  In  any 
perspective  drawing,  tfce^  comparative  sizes 
will  be  reduced  proportionately  aJ  the ' 
diatance  is  increased  between  the  picture 
plane  and  the  object. 

Once  the  picture  plane  was  established,  the 
station  point  for  the  top  view  in  figure  1-6 
was  located  approximately  opposite  the 
icenter  of  the  block.  The  distance  from  the 
station  point  to  the  object  should  not  be  less 
than  twice  the  width  of  the  object.  ^ 

When  this^rule  is  neglected,  a  distorted^ 
appearance,  may  result  in  the  perspective 
drawing.  There  is  a  cone  of  aboul'SO*'  in 
which  the  human  eye  sees  clearly.  For  this 
reason,  the  an^^e  formed  by  the  lines  of  sight 
from  the  sides  of  the  object  tcrthe  station 
point  should  not  exceed  30°.  In  no  case,  even 
when  the  persjjective  drawing  depicts^ a 
panoraiAic  scene,  should  it  exceed  45  . 

Next,  the  picture  plane  tor  the  side  view 
was  established.  Then  the  side  view  was 
drawn.  (Points  may  be  projected  from  the  top 
view  if  necessary.)  Remember  that  the  picture 
plane,  in  the  side  vi6w  (elevation)  is  the  same 
picture  pime  shown  m  the  top  view  and,  thus, 
it  is  the  same  horizontal  distance  from  the 
object. 

The  station  point  for  the  side  view  was 
located  nei^.  This  station  point  is  the  same 
point  seen  in  the  top  view  and,  therefore,  it  is 
the  same  horizontal  distance  from  the  object. 
However, its  an^e  to  the  object  can  vary.  This 
variation  of  the  station  point  in  the  sidfe  view 
•determines  the  hei^lr'of  the  eye ^ level  or 
horizon  line-  Note  that  the  station  pbint  for, 
the  side  view  alwjys  Calls  on  the  horizon  line. 

This  horizon  line^is  a  very  important  one.  If 
it.il  hif^h,  objects  in  the  perspective  view  will 
appear  as  if  they  wfere  viewecj  from  a  height. 
If  it  is  low,  objects  will  appear  as  if  they  were 


viewed  from  directly  in  front  or  below. 
Generally,  it  is  best  to  select  a  statiori  point 
approximating  that  from  which  a  -  real 
observer  might  vifew  the  object. 

This  method  is  usually  '  used  when 
architectural  drawings  are  made'Ln  two-point 
perspective.  However,  t\vo-pumt  perspective 
may  be  drawn  (as  in  fig.  i-6)  from  a  plan  view 
of  the  object  alone,  , without  the  elevation.  / 
Wh€n  this  is  done,  the  vanishing  points  ^e 
first  projected  on  the  Jjicture  ^)lane  and  then 
located  01)  the  liorizon  line.  In  order  to  do 
this,  a  line  parallel  ' to  one  set  of  horizontal 
lines  in  the  top  view  is  drawn  from  the  station 
point  to  h\ej  line  of  the  picture  plane.  The 
point  at  which*  this  line  intersects  the  picture 
plane  is  then  projected  to  the  horizon  Ijne  to 
locate  a  ne^  point,  either  VPL'or  VPR.  (See 
fig.  1-7.) 

When  this  method  is  carefully  used,  it  will 
pro'duce  as  much  accui^acy  as  the  method 
illustrated  in  figur-e  1-6.  For  example,  in 
figure  1-8,  the  honzon  line  has  been  placed  at 
Xhe  saijie  level  as  the  horizon  line  in  figure 
1-6,  ind  the  cube  is  the  sajne  size  so  that  the 
two  methods  can  be  comjSred.  In  figure  1-6,;;^ 
the  vanishing  points  were  found  aft^  *the 
drawing  was  completed,  and  it  was  not 
necessary,  that  they  be  found  at  all.  In  figure 
1-9,  the  vanishing  points  ^yere  found  at  the 
start,  because  ^ey  control  the  drawing. 

Jn  figure  1-9  lines  are  drawn  converging 
toward  the  station  point  from  the  corners  of 
the  block  in  the  top  view.  From  the  points 
where  these  lines  pierce  the  picture  plane, 
"verticals  are  dropp^jed/to  give  the  sfsparent 
i  width  of  the  block  in  the  perspective  view. 
Since  an  elevation  is  not  used,  the  various 
heights  cannot  be  found' directly.  However, 
the  bottom  of  the  block  (B)  may  be  located, 
as  shown  in^gure  1-9,  by  drawing  lines  to  the 
vanishing  points  from  the  point  selected  as 
the  near  comer. 

Now  if  the  perspective  height  of  any  one 
vertical  line  can  be  determined,  the  height  of 
the  other  verticals  can  .  b^  found 
automatically.  This  is  easy  to  do  when  one 
edge  of  the  object  rests  against  the  picture 
plane.  This  edge  will  then  appear  in  its  true 
^.height  in  the  perspective  wievf.  If  you  have  the 
/dimension  for  this  height  in  the  orthographic 
projection  (A),  you  can  transfer  that 
dimension  directly  to  the  ^perspective  view 
(B).  Lines  dravsm  to  the  vanishing  points  from 
this  top  comer  will  lo(?ate  the  top  of  the  two 
sides  (3-1,  4-2  B),  lines  drawn  to  the  vanishing 
points  from  the  far  comers  on  these  sides  will 
complete  the  drawing  of  the  block. 

Still  discussing  figure  1-9,B,  when  the  front 
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Figur*  1*10.  Perspective  dutortion. 


edge  of  the  subject  does  not  rest  against  the 
pic^^  plane,  it  is  necessary,  to  use  some 
other  dimension.  Because  the  end  of  the 
bloc]^  is  square,  it  is  possible  to  find  the 
perspective  length  of  a  horizontal  line  and  use 
this  dimension^  for  the  ed^^e  of  1-5.  This  is 
done  bv  drawint^  a  line  parcel  to  the  picture 


plane  from  point  1,  measuring  a  length  of  this 
line  equal  to  1-3,  ^d  drawing^  a  line 
converging  on  the  station  point  to  the  picture 
plane  from  the  end  of  this  line^  - 

TTiis  length  can  then  Ije  transferred  to  the 
front  edge  of  the  perspective  view  (B)  and  the 
view  completed  as  shown  in  figure  1-8.  To 


Figure  1-11.  Grots. 
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^ check  the  accuracy  of  this  method,  compare 
figure  1-a  with  figure  1-7.  You  will  find  that, 
since^  the  station  point,  horizon  level,  and  the 
bottom  of  the  cube  correspond,  the-  two 
perspective  views  are  si^iilar.  It  is  possible 
make  them  conrespond  exactly. 

In  figure  1-8  the  bottom  of- the  front  edge 
of  the  block  (B)'has  been  placed  arbitrarily  at  a 
certain  point.  Actually  it  could  have  been 
placed  on  the  vertical  projection  from  the 
cube  -at  any  desired  point.  Thus,  the 
perspective  \view  may  be  drawn  below  the  eye 
level,  or,  ai  shown  in  figure  1-9,- it  may  be 
drawn  at  eye  level  (top)  or  above  it  (bottom). 

However,  if  the  object  is'  placed  too  high 
atove  the  eye  level  'or  too  low  below  it,  the 
effect  will  be  one  of  distortion.  A  block 
drawn  in  these  positions  will  cease  to  look 
right  as  shown  in  figure  1-10.  When  the 
station  point>  too  close  to  the  object,  tliere 
will  be  ^  a  similar  distortion.  The  angle 
indicated  in  the  figure  should  never  be  less 
than  90''  and  preferably  not  more  than  100''. 

To  overcome  'distortion  such  as  that 
illustrated  in  figiure  1-10,  the  station  point 
may  be  moved  further  from  the  object,  or  the 
picture  plane  -^may  be  tilted  so  that  a  third 
vanishing  point  is  needed  for  the  third  set  of 
parallel  lines  in  the  drawing. ► 
^  Three-point  perspective.  Oblique,  or 
three-point,  perspective  occurs  when  none  of 
the  objject's  surfaces  are  parallel  to  the  picture 
plane.  Three-point  perspective  is  usually 
yieeded  when  the  station  is  close  to  the  object 
and  the  picture  plane  is  at  an  angle  to  the 
horizon  line  as  shown  in  figure  1-11.  Looking 
up  at  a  taU  building,  large  trees,  or  the  cross 
pictured  here  can  produce  such  a  situation. 
The  horizon  in  this  case  is  usually  very  low,  or 
entirely  below  the  object  iJeing  viewed  (fig. 
1-11,A).  If  you  were  looking  down  from 
above  (fig.  1-11,B)  the  -horizon  may  or  may 
not  appear  in  the  view  at  all. 

'  A  general  rule  to  follow  in  a  case  like  this 
is:  small  objects  look  better  if  the  three 
vanishing  points  are  well  separated.  The 
perspective  angle  should  not  be  acute.  To 
emphasize  the  bigness  of  an  object,  sharp 
diagonal  lines  are  important.  Here  the 
closeness  of  the  vanishing  points  strengthens 
ttie  bignesff  effect. 

)  Be  sure  that  the  horizontal  lines  end  at  the 
eye  level  line,  because  one  cannot  be  higher  or 
lower  than  the  other.  Regardless  pf  their 

•  distance  apart,  they  must  be  established  on 
the  aame  eye  level.  In  any  perspective  drawmjg 
it  is  a  good  idea^*D  use  the  sketching  method 

'  and  lightly  sketch  the  object  before*  tinding 
the  horizon  line  and  vanishing  points. 
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Figure  1-12.  One%  two-,  and  three-point  pers{)ective 
(objective  801,  exercise  2). 


Exercises  (801): 

1.  Name  and  describe  each  of  the  three  types 
.  of  perspective.  ^ 

2.  Using  figure  1-12,  specify  which  types  of  ^ 
perspective  A,  B,  and  C  are? 


1-2.  iMeasurement  and  Form^ 
in  Perspective  • 

In  drawing  .any  form,  the  proportions 
should  be  correct.  This  is  ^specially  true  when 
drawing  form  in  perspective\  At  the  beginning 
of  this  chapter,  we  introduced  into  our 
discussion  the  cube— the  basis  for  all  good 
drawing.  In  order  to  solve  many  practical 
problems  in  art,  you  must  beeome  acquginted 
with  methods  of  measurement  as  they  apply 
to  this  geometric  solid,  here  are  a  few  of  those 
methods. 


802.    Using    two-point    perspective  and^ 
receding  plane  given  in  exercise  figure  1-16, 
divide    a   rectangular    area    into  uniform 
patterns;  then  state  the  two  steps  necessary 
before  measuring. 

Measurement.  Before  making 
measurements  of  any  kind,  establish  the 
needed  vanishing  points  and  stafTon  point. 
Next,  correctly  sketch  in  the  overall  shape -of 
the  object.  If  you  do  not,  you  may  wind  up 
making  endless  corrections,^  and  the  drawing 
\Nrill  never  be  quite  right  artistically.  To  divide 
a  rectangle  or  a  square, .draw  a  diagonal  line 
from  comet  to  comer  as  shown  in  figure 
-  1'3,A.  The  point  where  the  ^diagonals  cross  is 
the  center  .of  the  rectangle  or  square.  This 

12  ■* 


Figure  1-15.  Vertical. division. 


simole  rule  is  invaluable— it  enables  you  to 
^lye  problems  that  are  seemingly  unsolvable. 

At  other  times  it  is  necessary  to  divide  an 
area,  or  a  diagonal,  into  a  number  of  parts, 
here  a  ruler  alone  will  not  suffice.  As  with 
most  division  of  space,  the  vertical-  Wig. 
1-13,G)  or  horizontal  line  (not  shown)  parallel 
to  the  picture  plane  is  the  key.  Aspect  B  of 
figure  1-13  shows  the  subdivision  of  a  cube, 
portions  removed.  For  example,  to  divide  a 
receding  plane  into  any  number  of  units, 
divide  the  left  vertical  height  into  the  desired 
number  of  parts  with  a  ruley  as  shown  m 
figure  1-13, C.  Draw  lines  from  the  points  of 
division  on  the  vertical  line  out  to  the*" 
vanishing  point.  Then  draw  a  line  from  comer 
to  comer  as  shown,  and  the  intersections  of 
the  diagonal  and  the  horizontal  lines  drawn  to 
the  vanishing  point  are  the  correct  points  to ' 
add  the  other  vertical Jines. 

Figure  1-14  shows  the  cotrect  methbd  of 
^dividing  a  rectangular  area  into  uniform 
rectangular  patterns,  such  as  floor  tiles.  The 
width  of  the  squares  are  first  jneasured  on  a' 
horizontal  line  (A).  Two  vanishing  points  are 
established  and  lines  are  drawn  from  the 


divided  horizontal  line  to  the  left  vanishing 
point,  then  the  depth  is  established  by 
drawing  lines  to  the  right  vanishmg  point.  A 
ctiagoi)£il  line  is  drawn  from  comer  to  comer, 
points  1  and  2,  Where  the  diagonal  intersects 
the  lines  drawn  to  the  bfc  vanishing  point  are 
the  correct  points  for  the  recedfhg  lines  to  be 
drawn  to  the.  right  vanishing  point.  Notice 
that  the  lower'  drawing  is  a  one-point 
perspective. 

Figure  1-15  shows  the  method  for  drawing 
vertical  divisions  of  pobts.  telephone  poles,  or 
any  object  with  evenly  spaced  units.  First 
draw  two  posts  any  distance  apart.  Locating 
the  vanishing  point  is  accomplished  by 
drawing  lines  (A)  and  (B)  from  the  two 
onginal  posts.  At  no  time  should  any  posts 
extend  above  or  below  the  receding  lines. 
Locate  the  center  of  the  first  post,  then  draw 
a  line  through  the  center  point  of  the  first 
post  to  the  vanishing  point  on  the  horizon. 
Fpbm  the  (top  of  the  first  post  draw  a  line 
through  the  center  of  the  second  post.  The 
third  post  will  be  located  where  the  diagonal 
line  touches  line  (B).  Repeat  this  procedure  as 
many  times  as  you  desire  doing  one  at  a  time. 
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Figure  1-16.  Exercise  rectangle  (objectire  802,  exerciie  1 ). 


Exercises  (802): 

1,  Using  figure  1*16,  divide  the  area  into  25 
unifo^  shapes  (like  floot  tiles). 


2.  What  are  the  two  steps  necessary  before 
"making  measurements? 


803.  Ghren  the  requirements,  draw  two 
circles  in  perspective-^ne  in  freehand,  the 
other  in  instxtmient  layout 


The  Cube  and  Circle.  The  cube  is  in  many 
ways  the  most  important  single  shape  you  will 
study  in  ybur  art  career.  Both  simple  and 
complex  structural  development  can  be 
illustrated  by  this  one  geometric  form.  Its 
importance  will  become  increasingly  evident 
as  you  work  with  three^iimensional  forms 
jmd  measurement,  especially  when  you  draw 
objects  in  perspective.  As  ^e  preceding  text 
segment  pointed  out,  in  order  to  solve  many 
practical  problems  in  perspective,  you  will  use 
the  cube  or  some  portion  of  it  as  a  medium  of 
measurement.  This  may  be  a  tedious  business, 
because  you  may  make  several  sketches 
before  you  get  an  acceptable  drawing.  But  it 
is  time  and  effort  well  ^ent.  Some  artists 
who  make  cubes  too  wide  or  too  narrow,  have 
never  really  learned  what  a  square-hence  a 
cube-4ooks  like  in  perspective. 


Althou^  the  cube  is  perixi^s  the  most 
important  shape,  the  circle  is  ^e  guide  for 
drawing  all  two-dimensional  curves,  ellipses 
and  ovals  in  perspective.  Even  so,  its  basis  is 
the  square,  or  one  siurface  of  the  cube.  The 
square  is  used  because  there  are  no  direct 
measurement  on  a  curve  in  perspecl^e.  • 
Vanishing  points  are  determined  from  the 
square,  and  proportions  of  the  curve  (an. 
easily  be  seen  within  the  square.  Figure  l-p 
shows  the  proper  layout  of 'a  circle  in 
perspective.  The  first  step  in  the  instrument 
layout  is  to  draw  a  circle  with  the  desired 
dimensions.  Second,  draw  the  ^quare  around 
the  circle  and  add  tiie  diagonal  and  centerlines 
as  shown  in  step  2.  This  will  give  you  ei^t 
checkpoints  for  drawing  the  circle  in 
perspective.  Next,  draw  the  perspective  lines 
back  to  the  desired  vanishing  point,  to 
establish  the  square  in  perspective. 

The  back  line  of  the  new  square  is 
determined  by  the  method  presented  in  figure 
1-17.  Now  diagonal  lines  are  drawn  from 
comer  to  comer  in  the  perspective  square. 
Within  the  original  square,  short  vertical  lines 
are  drawn  downward-  tS  the  picture  plane 
from  the  points  where  the  circle  line  and  the 
diagonal  Jines  intersect.  From  these  two 
points,  draw  lines  back  to  the  vanishing  point. 
The  points  at  which  these  lines  cross  the 
diagonal  lines  in  the  perspective  square  are  the 
points  through  which  the  curve  is  drawn. 

The  center  of  the  circle  shifts  from  the 
center  of  the  square  when  the  circle  is  in 
perspective.  The  intersection  of  the  diagonals^ 
is  the  perspective  center;  the  intersections  of  • 
the  horizontal  centerline  with  the  lines  drawn 
back  to  the  vanishing  point  does  not  indicate 
the  widest  part  of  the  circle  in  perspective. 
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STEP  1 


SfEP2 


MAJOR  AXIS 
-  PERSPECTIVE  CENTER 
STEP  3 


Figura  1-17.  Mechanical  tool  and  freehand  layout  methods. 


V 


When  drawing  circles  in  perspective,  it  is 
often  best  to  rough  them  in  freehand  and  get 
the  general  shape  desired.  When  the  square  is 
proportionally  correct,  cross  the  center  with 
two  diagonal  lines  and  cross  these  with  a 
vertical  line  through  the  intersection  of  the 
diagonal  lines.  Draw  a^horizontal  line  through 
the  center  to  determine  the  perspective  center. 
Use  the  vanishing  point  to  have  the  direction 
of  the  receding  lines  correct^ 

Exercise  (803): 

1.  Using  your  own  paper: 

a.  Draw  a  circle  (in  one-point  perspective) 
using  the  freehand  method. 

b.  Construct  a  circle  (in  one-point 
perspective)  using  the  T-square  and 
triangle  (instrument  method)* 


,804.-  Ifame  the  three  migor  things  to 
remeihber  ip  perspective  drawing. 


Compound  Form.  Most  objects  consist  of 
compound  forms  that  can  be  reduced  to  a 
basic  form— as  youVe  just  seen.  You  can  solve 
most  of  your  perspective  problems  if  you 
understand  the  cube  and  its  relationship  to 
perspective.  The  three  most  important  things 
to  remember  are:  the  horizon,  the  station 
point,  and  the  vanishing  points.  These  are  the 
only  elements  that  affect  the  appearance  of 
your  drawings.  If  these  elements  are  poorly 
selected  but  definitely  established,  your 
drawing  is  correct  although  it  may  be 
unattractive. 

Remember,  keep  the  vanishing  points  as  far 
apart  as  possible;  this  gives  the  final  picture  a 
..^ore  ^pleasant  appearance.  Also  keep  all 
vertical  line'&  truely  vertical,  excepi;  for  special 
effects.  If  special  effects  are  necessary,  a  third 
vanishing  point  may  be  needed. 

Drawing  a  cube  or  a  rectangle  in 
perspective  is  a  simple  operation  if  you- 
understand  measurement.  A  rectangle  in 
perspective  can  l>e  thought  of  as  two  cubes 
placed  end  to  end.  If  you  can  draw  a  cube  and 
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measure  it,  you  caa^  divide  it  into  halves* 
thirds,  or  any  numluT  of  divisions  fouiui  in 
compound  form.  Compound  forms  need  not 
be  complex,  if  they  are  thought  of  as 
cube-upon-cube  in  perspectiveJ 
•  \ 

E&erci5e(804):  ? 
1.  What  are  the  three  most  important  tFuhgs 


to  remember  in  perspective? 


805.  List  the  Hrst  two  steps  in  drawing  a  plan 
and  elevation  view,  and  explain  why  line  A, 
figure  1-18,  is  most  important 


Making  a  Plan  and  Elevation  View.  Plan 


and  eievfltipn  views  ran  booome  very 
oouiplox ;  <-<>tiijH>vmd  fonnii  ttn^  lo 
I.  expected.  When  makmg  such  a  plan  and 
elevation  view  in  perspective,  the  first  step  is 
to  draw  a  line  to  represent  the  picture  nlane. 
The  plan  view  is  arranged  behind  the  picture 
plane  with  the  nearest  comer  of  the  building 
just  touching  the  picture  plane  (A)  as  shown 
in  figure  1-18.  Next,  select  the  station  point. 
Make  the  station  point  approximately  the 
^ter  of  the  plan  view  at  a  30°  overall  angle. 

Draw  lines  from  the  station  point  to  the 
corners  of  the  important  parts  of  the  building 
that  you  want  to  locate  in  your  perspective 
drawing.  Where  the  lines  intersect  the  picture  ^ 
plane,  draw^  vertical  lines  to  establish 
accurately  the  ^dth  of  the  different  parts  of 
the  structure.  The  most  important  of  these 
lines  is  the  line  that  is  actually  touching  the 
picture  plane  (line  A).  It  is  the  only  line  that 
IS  not  foreshortened,  therefore,  the  only  line 


Figure  1-19.  Fore«hortening. 


that  can  be  used  for  vertical  measurement 
from  the  elevation  view. 

Now  you  must  decide  on  the  location  of 
the  horizon  line.  After  you  have  located  the 
horizon  line,  draw  lines  (B)  and  (C)  parallel  to 
TdiSes  (D)  and  (E)  in  the  plan  view.  From  the 
points  at  which  lines  (B)  and  (C)  intersect  the , 
picture  plane,  drop  vertical  lines  to  the 
horizon  line  to  establish  the  ri^t  and  left 
vanishing  points.^ 

The  next  step  is  to  carry  across  vertical 
measurement  from  the  elevation  view  to  line 
(A)  *and  draw  construction  lines  from  the 
points  on  line  (A)  to  the  vanishing  points 
using  the  same  procedure  already  discussed. 
The  vertical  lines  dropped  from  the  picture 
plane  will  automatically  establish  the  width  ot\ 
doors,  windows,  walls,  etc.,  in  the  perspective 
drawing.  Remember,  you  can  make  direct 
vertical  measurement  only  on  line  (A);  it  is 
the  only  true  length  line  in  the  whole 
drawing. 


Exercises  (805): 

1.  What  are  the  first  two  steps  in  drawing  a 
plan  and  elevation  view  in  perspective? 


2.  Why  is.  line  (A),  figure  1-18,  the  most 
important  line?  ' 


806.  Define  foreshortening;  and  state  the 
main  consideration  (in  each  case)  when 
placing  figures,  drawing  reflections,  and 
drawing  shadows. 

Foreshortening.  When  working  with 
compound  forms,  a  graphics  specialist  must 
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Figure- 1-20.  Eiackground  figure  piacement.  i 

be  conscious  jof  an,  illusory  effect  called 
foreshortening.  When  an  irregular  (free)  form 
appears  to  go  toward  or  recede  from  the 
viewer,  it  is  foreshortened.  If  in  the  irregular 
or  "free**  forms  ^ere  are  many  curves,  such 
as  in  the  human  figure,  foreshortening  is  very 
difficult  to  create.  A  great  def^  of  practice  in 
drawing  th^* humane- figure  in  a  variety  of 
different  positions  wiH  give  you  experience  in 
foreshortening.  Also,"  the  princip^les  of 
measurement  that  apply  to  geometric  forms 
can  be  used  to  great  advantage  in' 
foreshortening  the /human  figure.  In  figure 
1-19,.  tiiese  ffrinciples*h^i^5feen  applied  in 
determining  how  much  a^how  little  is  seen  of 
'the  human  figure '  sitting  on  the  floor  with 
'  parts  of  the  body  towmrd  the  viewer.  Notice 
particularly  the/letterea  areas;  the  lowercase 
letters   designate,  fores^iortening.    In  some' 


unusual  views,  it  is  h^pflil  to  draW  the  figure 
in  a  cube  6r  rectangular  form  that  will  quickly 
determine  if  and  where  a  part  of  the  human 
anatomy  can  be  seen  and  '  in  what 
appboximate.shap^  Perspective  can  be  the 
cur^  for  many  problems  you  may  rtm  into 
while  drawing'  aU  types  of  forms.  Remember 
to  give  careful  consideration  to  i;he  location 
of  the  station,, point  so'  that  distortion  is 
miiYimized.      /  * 

Placement  ^of  human  figure.  As  with 
foreshortening,  the  correct  placement  of  the 

-  figuife  in  a  perst>ective  drawing  is  difficult  but 
.  important.  \  The    viewer  ,  of   any  pictvure 

,  automatically  relates  the  proportions,  scale, 
and  size  of  all  forms  to  the  figure  in  the 

'  picture.  Too,  the  viewer  assumes  that  ^  adult ' 
persons     are  '  approximately    the  same 
heigjit-^mewhere  between  5  feet  anfli  7  feet. 

Proper  use  of  the  vanishing  point  is  the 
main  considerat'ion  in  corj^tiy  placing  the 
figure.  Use  the  vertic"al  distance  betweei)  the 
receding  gT*idelines  to  the  vanishing  point  to 
establish  the  height  of  any  figure  anywhere  in 
the  picture  (as  in  fig.  1-20).  To  place  the 
figure  to  the  left  or,  the  right  of  these 
guidelines,  extend  hori^fontai  lines  from  the 
head  and  feet  off  the  vanishing  point  lines  as 
shown  in  figure  1-20.  Once  the  height  is 
determined  for  one  figure,  the  others  are 
automatically  taken  from  the  intersection  of 
the  two  horizontal  lines %nd  thi^  receding  lines 
going  to  the  vanisjiing  point,  f  •  . 

Reflections,  Another  aspect  related  to 
compound  forms  is  reflection."  An  object 
reflects  as^far  below  a  reflecting  surface  line  aS' 
it  projects'  above  t|ie  reflecting  surface.  The 
reflection  ^is,  not  a  mefe  reversal  of  the  scene 


I'il.  Reflections. 
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being  reflected.  Although  thp  eye  level 
remains  constant,  the  view  is  a  reflected  one. 
.When  the  eye  is  above  an  object,  you  are 
looking  down  at  the  object;  and,  since  the 
object  is  reversed  in  a  reflection,  the 
proportions  fremain  the  same;  but  you  are 
now  looking  up  at  the  object.  See  figure  ' 
1-21.  When  tl\e  object  being  reflected  is  close 
to  the  eye  level,  the  reflection  is  nearly  k 
duplicate  in.  reverse,  but  not  so  when  the 
oJbject  is  well  below,  the  level  of  the  eye.  Eye 
level  is  the  main  consideration. 

Shadows.  Light  travels  only  in  straight 
lines.  From  an  established  light  source,  lines 
are  drawn  to  txfuch  the  comers  of  the  form 
^d  are  continued  until  these  lines  touch  the 
surface  of  the  plane  on  which  the  objefct  rests.^ 
All  shadows  ^recede  to  the  same  vanishing 
point  when  there  is  a  single  source  of  light. 
The  shadow's  vanishing  point  will  fall  on  the 
horizon  line  directly  below  the  source  of 


light.  Shadows  follow ,  the  contour  of  the 
plane  upon  which  they  fall,  as  shown  in  figure 
l-22»  The  main. consideration  when  drawing 
shadows  Is  light  source. 

Exercises  (805): 

1.  What  is  foreshortening? 

2.  What  is  the  main  consideration  when: 

a.  Placing  figures? 

b.  Drawing  reflections? 

c.  Drawing  shadows?  ^ 
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CHAPTER  2 


Visual  Communication 


AIR  FORCE  commanders  at  all  levels  of 
aommand  normally  have  to  deal  with  a  great 
variety  of  cold,  hard  facts.  For  example,  the 
Air  Force  Chief  of  Stdff  must  have  data  that 
shows  thejcombat  readiness  of  the  entire  Air 
Force,  and  the  squadron  commander  must 
know  which  akcraft  are  ready  to  fly  tuid  how 
many  qualifi^  mechanics  and  pilots  are 
available  to  Jkeep  them  flying.  In  both  cases, 
the  commanders  need  data  (statistics)  readily 
^available  and  so  presented  that  they  don't 
have  to  spend  time  reading  lengthy,  abstract, 
dry  statistical  reports.  They  are  not  interested 
in  the  flood  of  details  that  can  be  put  on  the 
printed  page.  They  want  facts  in  a  form  they 
can  grasp  quickly;  one  that  gives  them  a  clear 
picture  of  tbteix:,^operation  or  mission  without 
requiring  them  to  waste  their  time  studying 
statistics.  As  an  ^illustrator,  you  must  be  able 
to  give  them  this'information  in  well-prepared 
graphics  that  communicate  visually  and  that 
may  stand  alone  or  be  supplemented  with 
written  or  spo^n  words.  • 

Unfortunately,  many  people  are  not  gifted 
with  the  ability  to  draw  rapid  and  accurate 
conclusions  from  a  mass  of  numerical  data. 
Since  people  usually  learn  more  quickly  when 
facts  are  illustrated  by  a  picture  or  senes  of 
sketches,  a  set  of  good  tables,  charts,  or 
graphs'  .will  make  any  analysis  clearer. 
Regarc^less  of  how  the  data  is  presented 
(table,  chart,  or  graph),  the  specific  medium 
must  be  such  that  it  can  be  easily  understood 
by  those  foi\  which,  it  is  intended;  in  other 
words,  what  best  determines  whether  a  table, 
chart,  or  graph  is  use^  are  the  people  for 
whom  it  is  designed*>cNonnally,  we  consider 
three  basic^wayi/in  which  statistical  data  and 
analysis  may  be  presented— narrative,  tabular, 

•  and  gfephic  presentation.  A  presentation  may 
be  limited  to  one  of  these  methods,  or  it  may 
be  any  combination  of  them.  The  data  to  be 
presented  must  be  eljcamined  carefully,  and  a 

•  method  of  presentation  chosen  to  highlight 
the  essenti^  elements. 


The  actual  presentation  of  a  chart,  table,  or 
graph  requires  a  certain  amount  of 
imagination  as  well  as  the  manual  deftness. 
Since  the  people  (commanders,  supervisors, 
etc.)  are  usually  not  artists,  they  have  to  turn 
to  someone  to  help  them  with  the  conception 
of,  as  well  as  the  preparation  of,  the  proper 
chart,  table,  etc.  Therefore,  as  an  illustrator, 
you  will  be  expected  to  take  the  figures  or 
data  and  translate  them  into  simple  and 
understandable  graphics.  Creating  this  type  of 
majterial  requires  that  you  understand  the 
possibilities  and  limitations  of  the  various 
types  of  graphics  and  leam  to  select  the 
proper  type  for  each  particular  presentation. 
Before  we  go  into  the  actual  work  of 
preparing  graphics,  let's  first  discuss  briefly 
the  methods  of  presentation  (narrative, 
tabular,  and  graphic)  which  may  be  used. 

2-1.  Methods  of  Data  Presentation 

We  previously  indicated  that  there  are  three  ^ 
basic  ways  in  which  data  may  be  presented;^  J 
these  are  narrative,  tabular,  and  graphic.  The 
method  of  presentation  selected  is  normally 
determined  by  the  type  of  data  and  the 
intended 'use  of  the  data.  In  this  respect,  there 
are  times  when  a  combtination  of  the  styles  of 
presentation  may  be  used  to  good  advantage. 
For  example,  material  may  be  presented 
orally  in  narrative  form;  it  may  be  presented 
orally  using  charts  or  other  graphics  as  visual 
aids;  or  in  the  case  of  this  CDC,  graphics  may 
be  combined  with  the  written  word.  Let's  ^ 
review    some    of    the    advantages  artd 
disadvantages  of  each  type  of  presentation. 


807.  Given  a  list  of  characterizing  statements 
concerning  data  presentation,  match  the 
appropriate  term  or  classificatioh  with  the 
definition. 

Narrative     Presentation.     A  narrative 
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presentation  may  be  either  written  or  oral. 
TKe  information  is  normally  presented  in 
story  form,  and  the  text  is  frequently 
supplemented  by  tables,  graphs,  and  charts. 
There  is  usually  a  discussion  of  the  data  being 
considered,  and  usually  there  is  justification 
for  the  conclusions  reached.  In  addition,  the 
narrative  presentation  may  trace  the  steps  of  a 
situation  and  explain  the  reasoning  behind 
certain  conclusions.  From  the  foregoing  you 
can  see  that  tifk  narrative  presentation 
take  on  just  about  any  style  necessary jfe 
accomplish  its  intended  purpose. 

Written  Presentation.  A  written  narrative 
presentation  is  often  used  when  it  is  expected 
that  the  user  will  sit  down  and  study  the 
report  in  detail.  In  this  respect,  a  narrative 
report  can  show  ^  great  amount  of  detail. 
Studies  that  are  submitted  to  a  hi^er 
headquarters  or  to  agencies  outside  the 
milit^ury  service^organizations  such 
congressional  committees,  scientific  research 
bodies,  ,  or  educational  institutions— are 
examples  where  the  written  narrative  form  of 
data  presentation  is  quite  frequently  used. 

Although  the  written-type.  narrative 
presentation  takes  advantage  of  the  additional 
data  we  can  get  throu^  seeing,  when  used 
alone^  this  method  too  has  a  big  disadvantage. 
A  written  narrative  report  containing  many 
numbers  or  types  of  data  throu^out  the 
report  is  very  'difficult  to  use  because 
comparing  the  data  and  arriving  at  a 
conclusion  may  be  an  involved  process.  Unless 
you  memorize  the  facts,  you  must  turn  first 
to  one  page  and  then  to  another  until  a  firm 
picture  of  the  comparative  characteristics  of 
these  facts  forms  in  your  mind.  In  this 
particular  instance  a  table  could  be  included 
along  with  the  narrative,  thus  making  it 
possible  to  see  all  the  significant  data  in  one 
group  and  to  afford  an  opportunity  to  make 
an  analysis. 

Oral  ^  Presentation.  Probably  the  easiest 
method  of  delivering  a  report  is  by  oral 
presentation.  However,  it  is  the  least  effective 
and  the  one  most  easily  forgotten  by  the 
audience.  Two  advantages  of  the  oral 
presentation  are  that  it  gives  the  preparer  the 
opportunity  to  present  an  enormous  amount 
of  detail  and  it  gives  him  the  chance  to  answer 
cpestions  on  any  point  of  possible 
misunderstanding.  rAs  a  result,  he  can  bring 
out  details  that  mi^t  be  overlooked  in  other 
forms  of  presentation. 

The  advantages  of  the  oral  presentation  are 
'overshadowed  by  one  big  drawback;  in  an  oral 
presentation  the  speaker  has  to  rely  on  one  of 
the  least  effective  learning  senses  of  the 


human  bOdyHiearing.  According  to  tome 
authorities,  only  13  percent  of  what  we  learn 
is  acquired  through  |the  sense  of  hearing. 
Contrast  this  with  the  fact  that  we  learn  75 
percent  of  what  we  know  through  the  sense 
of  seeing.  That^is  why  the  oral  presentation  is 
considered  to  be  a  poor  method  of  presentilig 
statistical  data*  Considei^g  the  amount  of 
work  that  goes  into  a  statistical  study,  why 
waste  it  by  making  a  report  that  is  only  13 
percent  effective? 

Tabular  Presentation.  A  mass  of  data 
sorted,  counted,  and  arranged  in  a  systematic 
order  in  the  form  of  a  table  is  called  a  tabular 
presentation.  The  particular  arrangement  of 
the  data  into  rows  and  columns  depends  upon 
what  purpose  "Uie  table  is  to  serve.  All  data 
appearing  in  a  table  should  be  clearly 
identified,  thus  dimineting  supplementary 
explanations.  It  is  well  to  remember  that  all 
the  user  may  know  is  ^^at  he  sees  before 
him.' 

fhere  are  normally  two  types  of  tables 
u^^d  in  statistical  presentations— the 
general-purpose  table  and  the  special-purpose 
table.  Each  type  is  particularly  useful  in 
certain  ^tuations.  A  g4neral*purp^e  table  is 
designed  to  present  a  broad  range  oi  data  on  a 
specific  subject,  whereas  a  special-purpose 
table  is  a  ihethod  for  hi^ilighting  a  particular 
part  of  a  study .  The  special-purpose  table,  in 
this  respect,  furnishes'  specific  information 
about  a  specific  subject.  The  data  for  a 
special-purpose  table  may  be  taken  from  a 
general-purpose  table  or  from  an  original 
source. 

While  the  general-purpose  table  may  be 
lengthy  (and  possibly,  ciunbersome),  the 
special-purpose  table  is  usually  brief  and  to 
the  point:  Special-purpose  tables  are  useful 
for  presenting  comparisons.  Either  type  of 
table  may.  be  used  in  conjxmction  with  a  chart 
or  graph  to  show  detail  that  is  lost  or  difficult 
to  observe  on  the  chart  alone.  Before  we  go 
into  fi  few  basic  rules  and  concepts  of  table 
construction,  let's  briefly  analyze  the  last 
method  of  data  presentation  to  be  discussed 
here— graphic  presen^tion. 

Graphic  Presentation.  Even  though  *tables 
normally  present  data  in  a  well-arranged 
order,  the  reader  or  user  must  still  make  his 
own  comparisons  many  times  between  one  bit 
of  infon:(iation  shown  and  some  other 
information  (shown  or  not  shown).  Since  it  is 
much  easier  to  make  xomp^ons, 
evaluations,  etc.,  based  upon  ^t^  clearly 
shown  and  graphically  illustrated,  the  graphic 
presentation,  either  albne  or  used  in 
conjunction  with  tabular  presentation,  is  a 
very  effective  meanj^f  presenting  data.  . 
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Graphic  presentations  may  be  made  in 
many  forms  and  styles.  They  may  be  simple 
6t  complex  in  form,  as  you  determine 
necessary  to  accomplish  the  job  for  which 
they  are  intended.  The  choice  of  form  or  style 
of  '  presentation  could  well  be  your 
.  responsibility,  sinc6^  the  persons  who  require 
^  the  data  .normally  states  the  information 
needed  and  expect  you,  the  graphics 
specialist,  to  come  up  with  the  type  of 
presentation  that  wiD  best  da  the  job.  In  this 
respect,  you  not  only  have  an^obligation,  but 
also  an  excellent  opportunity  to  demonstrate 
yciur  effectiveness  in  your  job.  Remember, 
you  share  an  important  part  in  helping  the 
requester  make  an  effect^e  report. 

vThe  type  of  graphic  representation  used  in 
data  presentations  depends  upon  many 
factors—such  as  these  factors  aye  listed  below: 

•  General  purpose  of  the  graph  or  chart. 

•  Occasion  for  its  use, 

•  Type  of  reader  (audience)  to  be  reached. 

•  Nature   or  amount   of  data  to  be 
.  presented. 

•  The  significant  relationships  to  be 
obtained  from  the  graphic . 

The  list  as  shown  above  could  no  doubt  be 
expanded,  significantly;  however,  the  factors 
portrayed  should  give  yoiLiome  idea  of  what 
you  must  consider ,  to  select  the  type  of 
graphic  representation  that  will  do  the  best 
job. 


Exercises  (807): 

1.  Match  the  items  in  the  left  column  with  the 
most  appropriate  descriptive  statement  in 
the  ri^t  column. 


A.  Hearing. 

B.  Narrative  contain^ 
ing  many  num- 
ben  or  types  of 
dat«. 

C.  Graphic. 

D.  Seeing. 

E.  General'purpoee 
table. 

F.  Tabular  presenta- 
tion. 

G.  Special-purpoee 
Uble. 

H.  Oral  prettntation.' 
L  Written  prettnta- 

tlon. 


.1.  U«er  will  sit  down  and 
^dy  details  . . .  presen- 
tation can  shown  great 
amount  of  detail\  .  .  is 
submitted  to  higher 
headquarters  or  agencies 
outside  military  service 

.2.  Dtsadvantagecus  because 
arriving  at  a  conclusion 
may  be  an  involved  pro- 
ceu. 

^3.  Euieat  method  of  de- 
livering report .  .  .  poor 
method  of  presenting 
sUtistical  data  .  . .  pre- 
senter can  give  large 
amount  of'  detail  and  at 
same  time  answer  ques- 
tions that  arise  .  .  de- 
pends on  setue  of  hear- 
ing. 

_4.  13  percent  of  what  we 
learn. 


 5  75  percent  of  what  we 

know. 

 3.  A  mass  of  data  sorted, 

counted,  and  arranged  in 
systematic  order. 

 7.  Presents  a  broad  range 

of  data  on  specific  sub- 
ject. 

 8.  Highlights  a  specific  part 

of  study,  usually  brief 
and  to  the  point,,  and 
useful  for  presenting 
comparisons. 

 9.  Helps    maVa  compari; 

sons,  evaluations,  etc., 
easier  .  . .  used  alone  or 
in  conjunction  with  tab* 
ular  presentations  ...  a 
very  effective  means  of 
data  presentation. 


2-2.  Production  of 

Technical  Illustrations 

The  Air  Force  requires  m^any  illustrations 
of  a  technical  nature;  they  usually  supplement 
written  *  technical  text  material.  These 
illustrations  are  needed  whenever  the  text 
alone  is  difficult  to  understand.  In  some 
instances,  illustrations  alone  ar^  used  in  lieu 
of  text  material. 

The  two  basic  types  of  technical 
illustrations  are.  symbolic  and  pictorial.  The 
pictorial  illustration  can  be  either  line  or 
h^dftone,  but  the  -embolic  illustration  is 
presented  primarily  with  lines.  Though  a  line 
illustration  can  be  a  detailed  pictorial,  it  is 
more  frequently  used  as  a  simple  outline 
dravnng  that  suggests  rather  than  mirrors  the 
illustrated  subject.  Exploded  views  are  best 
presented  in  line  form.  Diagrams,  charts, 
graphs,  or  any  symbolic  representations  use 
line  mostjeffectively.  When  the  purpose  of  an 
illustration  is  orientation  or  identification,  the 
halftone  pictorial  is  generally  the  preferred 
type  because  it  shows  the  object  as  it  actually 
appears.  The  halftone  is  also  preferred  when  it 
is  necessary  to  use  part  of  the  huhian  figure  in 
an  operational  view. 

Althou^  the  actual  techniques  used  in 
technical  illustrating  do  not  differ  from  those 
of  any  other  type  of  illustrating,  there  are  a 
few  basic  standards  that  you  need  to  know 
about  drawing  mechanical  devices  and 
electronic  diagrams.  Before  we  go  into  these 
fundamental  drawing  techniques,  we  discuss 
the  procedures  used  to  produce  technical 
'illustrations. 

The  writer,  in  several  respect,  usually.is  the 
motivating  force  behind  each  technical 
illustration.  It  is  his  responsibility  to  perceive 
the  need  for,  conceive,  and  then  discuss  with 
the  illustrator  (you)  those  requirements  for 
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the  proposed  illustifation.  If  he  conceives 
pooriy  his  illustration,  you  will  possibly  be 
unable  to  improve  it  because  mosi  likely  you 
have  little  or  no  knowledge  of  ^e  text.  Since 
you  are  not  set  up  to  research  extensively  the 
background  of  the  illustration,  you  must 
follow  the  writer's  instructions  in  preparing 
the  illustration.  You  are  concerned  with 
taking  the  information  supplied  to  you  by  the 
writer  and  presenting  it  in  the  clearest,  most 
interesting  manner  in  accordance  with  the 
writer's  instructions.  This  often  requires  a 
good  .deal  of  coordination  between  you  and* 
the  writer.  — 


808.  Renumerate  the  general  intermediate 
steps  involved  in  converting  a  request  into  the 
comprehensive  layout;  and  distinguish  the 
incorrect  procedures  from  those  steps  that 
properly  belong  to  rendering. 


Illustration  ^Requests.  Requests  for 
illustrations  may  be  verbal  or  written.  The 
method  is  satisfactory  if  it  supplies  you  with 
eveiything^you  need  to  knoW  fodo  your  job. 
The  use  of  a  standard  written  form  is  more 
likely  to^giv^e  you  the  information  you  need 
(verbal  instructions  sometimes  become  hazy 
recollections  a  day  or  two  later  when  finally 
you  get  time  to  \vork  on  the  request).  You 
usually'  need  to  know  for  what  publication 
you  are  preparing  the  illustration,  whp  made 
the  rjequest,  and  what  the  request  is.  If  you 
are  not  sure  about  any  part  of  the  request, 
talk  it  over  with  the  writer,  find  out  exactly 
what  he  wants,  work  out  an  idea  that  will  fill 
his  needs,  and  after  you  have  the  illustration 
pretty  well  worked  up,  check  with  him  to 
make  sure  it  will  do  the  job  before  you  make 
the  finished,  illustration.  Although  this 
coordination  between  you  and  the  writer  may 
seem  time  consuming  at  the  time,  it  is  time 
well  spent.  You  usually  havejust  time  enough 
to  prepare  an  illustration.  That  being  the  case, 
if  you  don't  do  it  right  the  first  time*,  where 
are  you  going  to  find  time  to  do  it  over? 

Layout  procedures.  The  general  procedures 
you  use  in  composing  and  laying  *out  any 
illustration  are  basically  similar.  Although  the 
specific  operations  you  use  in  the  major  steps 
may  vary  considerably,  the  overall  procedures 
are  based  on  the  same  goal.  You  may  combine 
the  layout  and  rendering  in  almost 
simultaneous  operation,  or  you  may  overlap 
or  combine  many  of  the  steps  in  either  layout 
or  finished  work.  The  steps  are  there  and  you 
consider  them,  nevertheless.  As  you  become 


ni<5re  expert,  you  may  not  stop  and  think  out 
each  step,  but  you  still  use  the  basic  steps. 

Your  first  step  in  laying  out  an  illustration 
IS  to  understand  and  familiarize  yourself  with 
the  request  fon  the  illustration.  You  must' 
fully  understand  both  the  purpose  and  the 
scope  of  the  requested  illustration.  The  writer* 
usually  provides  you  with  the  necessary 
reference  material  (technical  orders, 
blueprints,  models,  microfilm,  sketches,  etc.). 
Your  responsibility  then  is  to  utilize  that 
reference  material  and  the  already-developed 
mformation  so  that  you-xian.  produce  a 
technically  correct  illustration.  This  detailed 
research  nj^y  not^jy* ^single  disconnected 
'step.  Throiighout  the  preparation  of  the 
layout  you  may  have  to  dig  out  new 
information. 

Visualization  and  trough  layout.  The 
procedures  or  steps  involved  in  visualizing  and 
making  a  rough  sketch  of  the  illustration  are 
difficult  to  describe  since  this  is  a  creative  or 
imaginative  step.  While  what  to  illustrate  and 
what  to  show  may  be  firmly  established,  you 
must  decide  how  it  is  to  be  presented,  how  it 
should  look,  and  in  what  medium  it  is  to  be 
done.  Based  on  the  illustration  request,  the^ 
information,  resulting  from  research  and,  if 
possible,  the  text  that  the  illustration  is  to 
support,  you  develop  in  your  imagination 
and/or  roughly  on  paper  your  plan  for  the 
illustration.  You  must  visualize  the 
arrangement  and  position  of  parts  or  objects 
and  decide  what  basic  illustration  type  is 
needed.  During  this  visualization  and  rough 
layout  step,  you  usually  establish  whether 
you  use  perspective,  orthographic,  or  some 
other  type  of  presentation.  You  also  decide 
on  the  angle  of  view  or  the  position  of  the 
parts.  You  determine  whether  you  use  line  or 
halfto:ae,  and  whether  or  not  color  is  neMejl/ 
Your  rot^  layout  may  be  nothing  more  Gian 
a  simple  sketch  of  the  major  shapes  and 

Sbjects  involved,  or  it  may  be  a  carefully 
rawn  freehand  §ketch  showing  the  general 
appearance  of  the  subject(s),  the  placement  of 
all  the  important  parts,  and  special  details  or 
considerations. 

^  Co  mp  rehensive  layout.  This  procedure 
contains  all  the  steps  that  the  illustration 
takes  to  make  a  basic,  nonreproducible 
presentation.  You  not  only  make  a 
technically  accurate  drawing  but  also  indicate 
what  is  required  in  rendering  or  fUiishing  the 
illustration.  To  become  a  technical 
illustration,  the  complete  comprehensive 
layout  lacks  only  rendering  in  a  reproducible 
m^ium.  The  steps  that  you  usuaUy  use  are 
these: 
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^^nhslate  the  ba$ic  composition  of  the 
rou^  layout  into  an  accurate,  well-drawn,  or 
projected  outline  drawing. 

•  Based  upon  the  data  secured  from  the 
request  and  research,  show  the  complete 
detail  in  proper  position,  perspectjye,  and 
proportion.  - 

•  Indicate  form,  teocturet  and  physical 
characteristics  such  ^  as  transparency, 
flexibility,  moisture',  etc.  •  , 

•  Make  indications  (notes,  colored  areas» 
etc.)  of  the  rendering  required  to  show  tones, 
hi^l^ts,  shadows,  to  subordinate  by  tone  or  - 
Une-wei^t»  or  other  rendering. 

'  •  Mike  flaps  that  will  be  translated  into 
overiays  showing  -callouts,  leaderlines,  keys, 
^lor  plates,  etc.;  thenregister  and  affix  them 
tq  the  comprehensive.  If--  the  .callouts, 
iHderlines,  etc.,  should  be  drawn  on  the  art, 
draw  them  on  the  layout  rather  than  on  a 
flip. 

a,  Mark  the  borders,  crop  marks,  or  tnm  . 
Iin«  pn  the  layout  and  indicate  the  reduction 
required. 

You  seldom  perform  in  a  rigid  order  these 
/  steps/ ihd  the  variations  that  you  make  on- 
thWft.  Instead,  you  generally  follow  a  single 
continuous  process  wherein  the  individual 
steps  tn^rarely  evident- 

Revitiv  of  layout  Befbre  proceeding  to  the 
rendering    stage,    the    review    of  the 
comprehensive  layout  is  a  most  practical  and 
hdpful  procedure.  TJiis  review  may  be  a 
formalized  ,  inspection  ^    procedure  by- 
established  checkers  or  a  satisfaction  review 
by  the  writer  to  insure  that  the  illustration 
does  what  he  intended  it  to  do.  The  review 
should  insure  .that  the  layout  has  technical 
accuracy,  presentation  effectiveness,  pn^er 
style,  iUuitratipn  type,  and  fonnat.  The 
obvious  advantage  in  such  a  review  lies  in  the 
fact  that  change*  resulting  firom  this  check 
can  be  made  with  relative  ease  and  economy. 
Errors  caught  or  changes  required  after  the 
rendering  stage  ia  begun  may  be  minimized  or 
avoided  altogether  by  an  effective  layout 
review.  ^ 

RtndMTing  procedure.  The  variation  of 
rendering  techniques  and  media  makes  the 
rendtring  phase  a  multistep  procea  that  leads 
to  the  ditired  ftoal  presentation.  While  here 
again  you  use  basic  steps  conunon  to  most 
technkiusi  and  media,  each  medium 
technique  diverges  at  one  stage  or  another  on 
ita  own  path. 

There  are  five  or  six  somewhat  broad  and 
interiocking  steps  that  can  be  ^ggested  for 
rendering  in  any  medium.  Here  are  the  steps 


you  usually  use  in  the  most  logical^order  to' 
the  task  at  hand. 

o  Choose  the  medium  and  technique  based 
upon  publication  type,  effectivenese-nrrthe 
type  of  presentation  planned,  the  factors 
relating  to  esise^of  reproduction,  an^l  the  time 
required  to  accomplish  the  rendering. 
'  •  Trace  or  transfer-^  the  comprehensive 
layout  to ^  surface  suitable  for  rendering  in 
thQp.choseh  medium,  if  you  have  not  already, 
made  the  layout  on  such, a  surface. 

•  Render  ^ttiT^illustration  in  the  medium  ^ 
chosen.^  Pl^^e^  particular  emphasis  ^  on  * 
obtaining  reproducibility,  use^ol  correct  line^ 
weights,  and/or  tocial  values.  This  step  and  the 
substeps  within  are  the  basis  tof  converting  a 
good  layout  into  an  effective  technical 
illustration.  -    "  ^  , 

^  Appiypas^eups,  lettering,  4ndexes,  keys,. 

legends,  etc.,  on  the  artworjc.        ^  ' 

•  Prepare  and  attach  oveirlays,  establish* 
and  affix  registratioh  points  and  majks; 

•  Mount  the  illustration  as  needed.  Add  a 
cover  flap  for  protection  and  add  the  proper 
reduction  and  oth^r  rep^ductiqn  instrucjtions 
along  with  '  proper  '  identification  and 
classification.  ^ 


Keep  Jthe  qu^ty  of  the  rendemig  process  . 
high.  Just  as  a  good  layout  is  vitarto  a  good 
:  finished  iUustration,  t^e.best  layout  wUl  be 
"  ineffective  unless  prop^ly  rendered. 

Final  r^mew  of  illustration.  Yoiur  final 
responsibUijiy  is^  to  carefully  inspect  the 
finished  illustration. .  As'  you  make  th^ 
inspection,  you  are^primarily  concerned  with- 
reproducibility,  accuracy,  effectiveness  of  the 
rendering,  and  completeness  of  the  artwork. 
While  the  technical'  accuracy  of  the  layout 
was  checked  and  accepted  before  rendering 
began,  you  may  not  assume  the  accuracy  of 
the  final  artwork  oh  th^  basis.  Because 
(Ganges  and  corrections  cln  be  very  time 
consuming  at  this  stage,  you  should  make 
every  effort  to  avoid  errors.  Make  this  final 
check  an  exhaustive  and  thorough  one,  since 
changes  to  negatives  or  photolithographic 
plates  are  extremely  difficult  and  expensive. 

Exercises  (808): 

1.  What  are  the  general  steps  in  converting  the 
request  into  a  comprehensive  layout?' 


2  Put  a  checkmark  beside  the  procedures  that 
properly  belong  to  the  actual  rendenng.^ ,  ^ 
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a.  Mount  the  illustration  {as  needed). 

b.  Jleview  comprehensive  layout. 

c.  Render  the  illustration  in  the  medium 
chosen. 

d.  Indicate  form, '  texture,  and  physical 
>  ,  characteristics. 

e.  Research  for  technical  information. 

f.  Establish  and  affix  registration. 

g.  Visualize. 

h.  C;iipos^  the  medium  and  technique. 

i.  Apply  '  lettering,    indexes,  legends, 
pasteups,  etc.  ^ 


2-3.  Types  of  Technical 
niugtratioris 

Just  as  we  stated  earlier  in  this  volume, 
technical  illustrations  used  by  the  Air  Force 
&11  into  two  basic  categories.  The  pictorial 
•category,  which  is  the  largest  in  scope,  covers 
all  illustrating  types  that  represent  objects  as 
they  actually  iappear.  The  symbolic  category 
includes  those  illustrations  that  represent 
objects,  quantities,  values,  and  function  with 
lines,  symboli,  patterns,  tones,  and  color. 
Many  of  the  illustrations  used  for  Air  Force 
publications  combjine  parts  of  the  pictorial 
and  the  symbolic. 


809.  Given  illustrations  and  drawings  (fig. 
2-8),  name  correctly  the  pictorial  views  or  line 
types, 

Fictorial  Illustrations.  Pictorial  illustrations 
may  be  exact  representations  of  natural 
objects  or  may  be  merel^r  images  showing 
only  parts  of  an  outline  of  the  actual  form  of 
the  object.  The  type  discussed  here  may  be 
more  or  less  exact,  depending  upon  its 
purpose. 

Comprehensive  views.  Illustrations,  that  fall 
under  the  comprehensive  type  are  those  that 
represent  a  complete  object  in  its  normal 
state.  Such  illustrations  are  views  of  objects  or 
groups  of  objects  that  are^  not  altered 
physically  through  cutting  or  modification; 
whose  appearance  is  not  changed^  by  making 
portions  transparent;  and  who  contain  no ' 
symbolic  representation  of  function,  motion, 
or  purpose.  The  comprehensive  pictorial  is 
most  commonly  used  in  orientation  views, 
operational  views,  and  part  or  area 
identification.  • 

Orientation  views  must  portray  an  object 
or  area  in  proper  relation  to  its  normal 
surroundings.  This  lends  itself  to  the  use  of 
halftone  rendering,  photographs,  or  carefully 
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ORTHOg^RAPHIC  QUARTER  SECTION 


Fi^re  2-1.  Cutt^yi  and  sections. 
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Figure  2-2.  Phantom  view. 

and  realistiqally  rendered  line  work.  Such  a 
view  must  be  in  perspective  since  a  person 
sees  only  in  three  dimension. 

The  operational  illustration,  one  that  shows 
an  actual  operation  or  mechanical  function  in 
progress,  has  a  wider  range  of  realism.  An 
operation  that  involves  part  of  the  human 
figure  is  more  effective  when  precise  realism  is 
used.  Often  a  retouched  photograph  is 
preferred  for  such  an  illustration.  Simple 
operations  on  objects  or  areas  to  which  the 
reader  is  presumed  to  be  well  oriented  can  be 
simple  line  drawings  of  the  basic  function. 
One  point  is  moit  important  in  all  operational 
views^-parts  of  the  body,  tools,  or 
surrounding  objects  should  never  obscure  the 
object  of  the  opeijation. 

Exploded  mews.  Pictorial  illustrations  that 
depict  a  pi?ce  of  equipment  disassembled,  and 
that  show  the  parts  in  their  correct 
relationship  regarding  .their  assembly,  are 
known  as  exploded  views..  These  illustrations 
convey  the  impression  that  the  parts  of  the 
assembly  are  suspended  in  the  motion  of 
simultaneous  disassembly.  This  type  of 
illustration  is  used  primarily  for  part 
identification.  Almost  as  important  as  its  role 
in  part  identification  is  its  place  in  showing 
assembled  and  disassembled  relationships." 
Exploded  views  made  as  line  drawmgs 
generally  use  connecting  center  lines  to  help 
»  '  indicate  the  assembled  position.  It  is  difficult 

to  insure  that  the  assembled  position  is 
evident  in  halftone  exploded  views,  especially 
if  none  of  the  exploded  components  overlay. 
An  assembly  stack,  as  a  group  of  exploded 
^  components  is  called,  can  effectively  show  the 

assembly  relationship  of  the^  components  by 
allowing  portions  of  each  part  to  overlap 
*  slightly.  Since  exploded  views  are  almost 
always  shown  in  perspective,  this  overlappm^j 
seldom  obscures  much  of  any  part. 
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Cutaway  views.  Cutaway  views  are  pictorial 
illustrations  that  show  internal;  parts  of  an  -..^  , 

object  through  a  cut  or  break  in  the  surface 
and/or  a  cut  or  break  in  portions  of  the 
interior.  The  cuts  or  breaks  may  be  irregular 
Jioles  in  one  surface,  smooth  cuts  from. the' 
su^ace  through  tne^  axis  or  centerline  of  the 
objects,  or  any  type  of  cut  or  break  necessary 
to  show  a  portion  of  ti\e  interior.  Figure  2-1 
shows  typical  cutaways  used  in  technical 
illustrations.  The  depth  of  the  cut,  whether  it 
is  a  single  clean  slice,  a  wedge-shaped  section, 
or  irregular  hole  depends  upon  the  purpose  of 
the  illustration.  If  the  illustration  isjjisigned 
to  show  a  cross  section  of  alTTiie  internal 
parts,  a  full  section,  such  as  the  one  shown  in 
the  lower  left  portion  of  figure  24 ,  is  required. 
As  you  can  sefe,  the  cut  is  made  through  the 
object^s  center  line.  If  you  want  an 
illustration  to  show  the  outside  of  the  internal . 
parts,  you  can  use  an  irregular,  three-side 
cutaway. 

Since  the  cutaway  view  is  a  pictorial 
illustration,  your  drawing  should  be  realistic 
and  accurate.  When  the  focal  point(s)  of  the 
illustration  is  in  the  interior  portions  of  the 
object,  you  shbuld  emphasize  these  parts  and 
subordinate  the  interior.  Many  illustrations 
show  both  external  and  internal  parts,  with 
both  bearing  equal  importance.  In  such 
.illustrations,  you  must  still  show  a  definite  ) 
break  in  the  appearance  of  the  surface  and 
interior  parts.  In  line  work  you  may  use 
different  rendering  treatment  on  interior  parts  . 
and-  show  the  cut  portions  by  means  of 
crosshatching.  When  you  make  halftX)ne 
cutaways,  you  can  separate  the  interior  an<^ 
exterior  portions  by  using  contrasting  light 
values.  • 

Phantom  views.  The  illustration  type 
known  as  the  phantom  view  is  used  to  show 
portions  of  the  subject  as  if  it  were 
transparent  or  semitransparent.  This  type  of  • 
presentation  allows  internal  parts  and 
mechanisms  and  y^nderlying  surfaces  to  be 
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Kif^UM  2-3.  Dimension  data. 


viewed  '  through  the  outer  surface.  The 
phantom  view  is  used-also  to  show  structures 
and  objects  in  reference  to  the  ^ilp5ect  pf  the 
illustration .  Phantom  representation  is 
usually  used  in  combination  with  other  types 
of  pictorial  illustrations.  The  phantom  view  in 
halftone  media  usually  shows  a  portion  of  the 
object  as  if  it  were  semitransparent,  thereby 
giving  the  realistic  effect  of  ^eing  the 
phantom  portion  and  still  seeing  the  object 
beyond.  Figure  2-2  ?hows  this  effect  that 
enables  the  viewer  to  realize  the  appearance 
of  the  whole  object  and  yet  see  interior 
details  as  if  the  surface  were  removed. 

Orthographic  views.  Sometimes  it  is  not 
necessary  to  show  an  object  in  a  purely 
pictorial  manner.  A  two-dimensional 
representation  may  be  quite  satisfactory.  In 
this  case,  an  orthographic  view  is  used.  This 
type'  of  view  gives  the  effect  of  looking 
directly  at  one  face  of  the  object.  If  one  view 
is  not  enough  to  give  a  full  description  of  the 
object,  two  or  more  views  -ere  used  in  the 
same  illustration.  This  type  of  illustration  is 
particularly  valuable  in  showing  the  exact  size 
and  shape  of  an  object.  Since  this  type  of 
illustration  is  used  to  actually  build  the 
object,  accurate  drawing  is  essential.  Equally 
important  is  th\  relative  weight  or  thickness 
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Figun  2-4.  Line  types. 


Fi^rj^2*5.  Rectangular  dimensioning.  ' 

of  the  different  lines  used  to  represent  the 
various  aspects  of  the  object,  such  as  outlines, 
centerlines,  hidden  lines,  etc. 

If  we  draw  all  of  the  lines  of '  an 
orthographic  view  with  the  same  weight  or 
thickness,  .  we  would  have  difficulty 
distinguishing  between  lines  representing  the 
features  of  the  object  and  those  for 
determinmtJize  and  location  of  the  various 
featiires/AsBhown  in  figure  2-3,  by  nwddng 
the  outune^d  holes  in  the  object  portrayed 
heavier  than  the  other  lines,  it  is  easier  to 
make  out  the  shape  of  the  object.  (Actually^ 
we  could  improve  this  drawing  by  making 
these  lines  even  heavier  than  tiiey  are.)  In 
addition,  different  types  of  lines  are  used  to 
help  make  this  distinction. -Both  the  weight 
and  type  of  line  are  more  or  less  standard. 

Since  we  usually  make  our  drawings  larger 
than  they  are  reproduced,  the  actual  weight  \ 
of  the  lines  cannot  be  prescribed,  but  the 
relative  wei^ts  can  be.  The  following  are  the 
characteristics  of  line  types  (see  fig.  2-4): 

•  Visible  form  line:  An  unbroken  line  of 
medium  to  heavy  weight  used  to  represent  a 
visible  or  apparent  line  on  an  object. 

•  Dimension  line:  An  unbroken  line, 
except^ to  allow  space  for  the  dimension, 
which  is  terminated  at  each  end  by  '"an 
arrowhead.  Line  wei^t  is  generally  less  than 
that  of  the  visible  form  line. 

•  Leader  line:  A  line  used  to  indicatetti^ 
part  of  an  object  or  piece  of  equipmeiitvto 
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Figure  2-6.  Angular  dimensioning. 

which  a  number,  note,  or  other  call  out 
applies.  The  leader  line  is  terminated  with  an 
arr9whead  that  appears  to  touch  the  outlme 
of  the  point  of  reference.  Leader  lines 
originate  at  the  beginning  or  end  of  an  index 
number,  line  of  lettering,  or  another  type  of 
callout  as  applicable.  Any  line  that  is  crossed 
by  a  leader  line  is  voided  (broken)  on  one  side 
of  the  leader  line  and  intersected  by  the  other 
side' of  the  leader  line. 

•  Sectioning  5nd  extension  lines:  Lines 
that  are  used  to  indicate  the  exposed  cut 
surface  of  an,  object  in  ^a  sectional  view  are 
sectioning  lines.  Extension  lines  are  usfed  tx> 
indicate  the  extent  of  a  dimension  but  do  not 
touch  the  outline.  Both  are  thin  lines. 

•  Phantom  line:  A  thin  weight  line  of 
consecutive  series  of  one  long  and  two  short 
dashes.  This  line  indicates  the  alternate 
po/itiori  of  a  moving  part,  a  part  shown  for 

^r^rence,  or  a  part  which  appears  transparent 
for  the  purpose  of  exposing  parts  beneath. 

•  Hidden,  line:  A  line  that  consists  of  a 
series  of  short,  evenly  spaced  dashes.  It  is  used 
t6  show  the  hidden  features  of  a  part.  When  a 
hidden  line  changes  its  direction,  the  dashes 
must  touch  at  the  comers  on  a  sharp*  turn  or 
extend  to  the  tangftit  points  of  an  arc. 

•  Center  line:  These  lines  generally  consist 
of  a  series  of  one  long  line  and  one  short  dash. 
Center  lines  that  are*  very  short  may  ba 
unbroken.  They  are  used  to  denote  the  axis  of 
an  object.  Center  lines  arp  commonly  found 
indicating  the  assembly  axis  of  an  object  in  an 
exploded  view. 


Figure  2-7,  Incline  dimensioning.  ^ 

^^^SreakJines:^  These  line^  indicate  an 
interruption  on  a  surface.  Short  breaks  are 
shown  by  an  irregular  solid  freehand  line. 
Long  breaks  use  full  ruled  liftes  with  zigzagged 
lines.  Shafts,  rods,  and  tubes  should  show  the 
ends  of  the  break  as  drawn  in  figure  2-4. 

Dimensioning  circular  objects  may  be  done 
by  either  rectangular  dimensioning  or  by 
angular  dimensioning.  Figure  2-5  shows  the 
rectanguliir  method.  Horizontal  and  vertical 
•dimension  lines  are  used  to  locate  the  holes  of 
the  circular  piece  on  a  circular  .center  line. 
Also  shown  in  figure  2-5  are  the  two  methods 
of  presenting  dimensions  when  the  distance 
between  two  points  is  too  short  to  permit  us 
to  place  the  dimension  in  the  open  spacie  of  a 
dimension  line.  One  of  these  methods  is 
shown  at  the  top  of  the  illustration;  the  other 
IS  shown  at  the  right. 

The  angular  method  of  dimensioning  is 
shown  in  figure  2-6.  Notice  that  the  holes  are 
located  by  the  intersection  of  radial 
dimension  lines  and  a  circular  center  line. 

When  dimensioning  is*  given  on  a 
perspective  drawing,  the  dimension  lines  are 
drawn  parallel  to  the  outline  of  the  object,  as 
.shown  in  figure  2-7.  The  dimension 
thenjselve|^are  usually-  placed  in  a  horizontal 
position,  as  shown. 

Exercise  (809): 

1.  Name  the  views  and  line  types  shown  in 
figure  2-8. 
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Figure  2-9.  Poorly  designed  block  diagram. 
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810.  Differentiate  ^between  the  three  main 
types  of  symbolic  illustrations;  given  an 
illustration  showmg  the  types  of  story  lines, 
name  each  type  (use  fig.  2-10). 


Symbolic  Illustrations.  Symbol 
illustmtions  use  lines,  colors,  graphic  symbols, 
and  words  to  represent  actual  objects, 
motions,  quantities,  and  values.  An 
illustration  that  is  purely  symbolic  is  not  a 
picture  of  anything.  The  symbols  used  in 
these  illustrations  either  have  an  obvious 
meaning,  are  following  a  specification  stating 
the  meaning  of  the  symbols,  or  are  explained 
in  a  legend  that  is  part  of  the  illustration.  The 
most  popular  symbolic  illustrations  are  the 
block  diagram,  schematic  diagram,  and  wiring 
diagram. 
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Figure  2-10.  Well-detigvM  block  diagmm. 


Block  diagram^.  This  tffye  of  diagram  is 
generally  usecy  to  show  a  theoretical 
arrangement  cJt  components  and  symbolic 
interconnection.  They  make  broad  use  of 
word  symbols  to  identify  interconnections 
and  items.  Block  diagrams  actually  do  not 
show  motion  or  function.  They  may  show  the  • 
source,  rput^,  and  destmation  of  a  rtiotion, 
impulse,  or  flow;  but  they  do  not  indiciite 
kinetic  energy. 

The  most  important  consideration  m 
designing  a  block  diagram  is  organization. 
Let's  use  figures  2-9  and  2-10  to  compare  a 
poorly  organized  diagram  with  a 
well-organized  block  diagram.  Notice  how 
much  .improvement  is  accomplished  by 
merely^  arranging  the  blocks  in  vertical 
columns  and  'horizontal  rows  whenever 
.  possible.  The  diagram  in  figure  2-10  appears 
more  stable  and  less  confusing  than  the  one  in 
figure  2-9.  Aligning  the  paths  of  data  flow 
also  improves  the  design  and  makes  it  much 
easier  to  follow.  This  quite  apparent  in  the 
lines  representing  the  switching  control  data. 
In  figure  2-10,  you  can  tell  at  a  glance  that 
these  paths  go  from  the  control  circuits  to 
four  other  circuit  groups;  whereas  in  figure 
2-9,  you  must  follow  each  branch  to  tell 
where  it  goes.  Now,  to  you  this  may  not  seem  . 
too  important,  but  it,  certainly  is  to  the 
person  using  the  diagram.  It  may  make  the 
difference  between  a  quick,  easy 
undentaiTding  or  a  slow,  tedious  study  of  the 
diagram  to  6bTanrfffF7<n!ie  understandings  - 
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linp.  The  envelope,  filament,  gWds,  and 
cathode  are  drawn  with  a  medium  weight  line. 

-  •  Signed  path  and  base  lines:  Signal  path 
lines  are  the  leads  of  circuit  lines  that  have 
been  increased  weight  to  designate  the 
specific  path  of  a  certain-  signal  or  electrical 

•jmpjilse.  Base  lines  may  represent  the  cording 
harness  within  a  unit.  Base  lines  are  also  used 
to  terminate  all  leads  in  the  airline  type  of 
wiring  diagram. 

•  Chassis  oiitlirie:  A  solid  line  used  in 
wiring  and  voltage-resistance  diagrams,  for 
orientation  %uip  oses .  .  s 

•  Inclosures:  Varying  combinations  of 
long  and  short  dashes  or  solid  lines  used  to 

•  represent  physical  objects  in  a  circuit  diagram. 
Four  major  subtypes  are  used: 

(1)  Mechanical  equipment:  Medium-wei^t 
solid  lines  used  to  designate  mechanical 
apparatus  that  appears  within  a  circuit 
diagram. 

(2)  Shield:    A   series   of  short  dashes 
designating  inclosure  of  Components  within 
-an  electrical  shield. 

(3)  Component:  Lines  used  to  represent  a 
circuit  or  circuits  ih^t  may  appear  on  one  or 
more  chassis  that  form  a  component  of  an 
equipment. 


Figure  2*11.  Lines  and  symbols. 


Schematic  diagrams.  This  type  of  diagram 
uses  symbols  to  show  theoretical  arrangement 
^d  static  £^pearance  of  functional  devices, 
mechanisms^^  or  systenw.  Schematics .  use 
symbols  in  the  form  of  color,  line,  line 
patterns,  tones,  and  the  like  to  show  function 
or  motion.  The  type  of  motion  or  function 
represented  may  be  any  form  of  mechanical 
or  electrical  energy,  fluid,  or  gaseous  pressure. 

The  types  of  lines  (called  story  lines)  used 
in  circuit  diagpims  have  special  characteristics. 
Consistent  use  of  these  standardized  types 
and  weights  aid  in  making  the  diagram  more 
effective  and  easier  to  use.  Figure  2-11  shows 
the  appearance  and  relative  weights  of  these 
types,  as  follows: 

•  Lead  or  circuit  lines  and  graphic 
symbols:  Lead  or  circuit  lines  are  thin  lines 
that  represent  wires  and  physical  connections 
through  which  signal  flow  or  electrical' 
impulses  are  conducted.  Graphic  symbols, 
with  the  exception  of  vacuum  tubes,  have  the 
same  line  weight  as  circuit  lines.  ^ 

•  Vacuum  tube  lines:  The  plate  of  a 
uum  tube  symbol  is  drawn  with  a  thick 


Figure  2*12./>bjtctiYe  810,  txer^iie  2. 
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(4)  Equipment:  Lines  used  to  designate 
the  overall  equipment  tl^at  is  comprised 
usually  of  two  or  more  major  components. 

Line  types  and  weights  play  an  important 
role  in  effective  illustrating.  The  j)roper 
balance  of  line  wei^ts  makes  the 
presentation  pleasing  to  the  eye;  proper 
relation  of  line  wei^ts  to  the  forms  they 
represent     makes     the  presentation 


understandable.  Consistent  use  of  specific  line 
types  for  specific  representation  h?lps  to 
insure  proper  interpretation  of^ine  drawings. 


Exercises  (810): 

1.  Differentiate  between  the  three  main  types 
of>symbolic  illustrations. 
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Figure  2*13.  Improving  circuit  UyouU. 


2.  Using  figure  2-12,  properly  name  the  types 
of  story  lines. 


811.  Given  a  poorly  designed  schematic, 
redesign  and  draw  a  better  illustration. 


As  in  designing  block  diagrams,  a  little  4 
careful  planning  and  organizing  help  produce 
a  schematic  diagram  that  is  much  more 
effective.  Let's  studj^  a  few  simple  examples. 
First,  let's  take  the  two  circuits  shown  in 
parts.  A  and  B  of  figure  2-13.  Notice  that  by 
simply  inverting  one  component  (T901C),  we 
can  draw  the  circuit  without  crossing  lines. 
Although  this  particular  change  only  makes 
this  circuit  sli^tly  simplier,  you  can  see  that 
if  the  diagram  were  a  complex  circuit  many  of 
these  sli^t  changes  would  make  quite  a 
difference  in  the  simplicity  and  effectiveness 
of  the  overall  diagram* 

Parts  C  and  D  of-  figure  2-18  also-^ow 
what  a  little  more  planning  can  do  to  improve 
the  effectiveness  of  a  schematic  diagram.  The 


comj^onents  in  these  circuits  represent 
contacts  or  relays.  The  dashed  line  of  each 
relay  indicates  that  all^  of  the  contacts  move 
together  when  the  relay  is  energized.  The 
open  contacts  close  and  the  closed  contacts 
open.  In  the  circuit  shown  in  part  C  of  figure 
2-1^3,  the  movable  contact  must  move  down 
to  close  the  open  contacts  or  up  to  open  the 
closed  contacts.  While  this  opposite 
movement  may  seem  like  a  minof^int,  it 
still  adds  confusion  to  the  operation  and 
makes  it  just  that  much  more  difficult  for  the 
person  who  is  ^  using  the  diagram  to 
understand  it. 

Let's  see  how  the  overall  design  of  the 
circuit  shown  in  part  C  of  figure  2-13  can  be 
improved  by  a  few  simple  changes.  Notice  in 
part  b  of  figure  2-13  that  the  closed  contact 
of*  the  relay  shown  on  the  left  has  been 
invertedv^Now,  when  the  relay  energizes,  all  of 
the  movable  contacts  move  in  the  same 
direction.  As  a  "result,  the  operation  is  much 
easier  to  understand.  By  "dimply  moving  the 
contacts  of  the  relay  shown  on  the  right  to  a 
slightly  different  position  in  the  circuits,  we 
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Figure  2-14.  Poor  layout  of  circuit  diagram. 
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Figure  2-15.  Improved  layout  of  circuit  diagram. 


get  the  same  result.  In  addition,  the  contacts 
now  all  pivot  from  the  same  side,  which 
makes  the  circuit  much  easier  to  understand. 

Let's  make  one  more  comparison  between 
poorly  designed  and  well-designed  diagrams 
by  \ising  figures  2-14-  and  2-15.  Let's  pick  out 
the  most  distracting  characteristics  of  the 
circuit  shown  in  figure  2-13  and  show  how 
they  have  been  improved  in  figure  2-15. 

The  most  evident  defect  of  the  diagram 
shown  in  figure  a  2-14  is  th^  crowding  of 
circuits  in  the  center  of  the  lower  portion  of 
the  figure,  while  ath^L^areas  are  almost 
completely  bare.  Notice  in  figure  2-15  that 
the  various  dircuifa.are  so  spaced  that  each  is^ 
cleariy  shown  as  a  separate  unit.  It  is  very 
difficult  'to  distinguish  one  circuit  from, 
another  in  the  lower  half  of  figure  2.15. 

Another  characteristjc  of  the  poorly 
designed  diagram  is  the  excessive  use  of  dog 
legs   (zigzag  lines).   These   are  extremely 


disturbing  to  the*  person  using  the  diagram. 
For  example,  let's  take  the  three  circuits  from 
the  upper  synchro  on  the  left  -te-tbe-upper 
synchro  on  the  right,  Althou^  these  circuits 
make  only  a  small  zigzag  near  the  ]fift  side  of 
the  diagram,  the  user  must  make  three 
separate  eye  movements  to  follow  the  circuits 
across  the  diagram.  In  figure  2-15,  he  needs 
only  one  swe^mg  eye  movement  to  follow 
the  circuits.  / 

The  crossed  lines  and  dog  legs  were  also 
eliminated  in  the  circ^uit  directly  below. 
Notice  how  much  simplier  the  circuit  appears 
in  figure  2-15. 

The  lower  three-wire  synchro  circuit  is  a 
classic  example  of  poor  designing.  It  would 
almo$t  tak6  an  electronic  magician  to  trace 
this  circuit  in  figure  2-14,  When  you  see  how 
simple  it  appears  in  figure  2-14,  you  might 
wonder  what  the  desigher  of  the  circuit  in 
figure  244  was  thinking.  Obviously  he  wasn't. 
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Figure  2-16,  Wiring  diagram.  ^ 

But  don^t  let  this  happen  to  you.  It  is  just  as 
easy,  or  perhaps  even  easier,  to  do  the  job 
right  as  it  is  to  do  a  sloppy  one. 

Even  thou^  the  diagram  in  figure  2-15  is 
so  much  better  than  the  one  in  figure  2-14, 
there  is  still  roonWor  improvement.  Can  you 
see  where?  You  probably  noticed  that  the 
circuit  at  the  bottom  is  quite  close  to  the 
outline  of  the  component  and  since  there  is 
plenty  of  room  at  the  top,  the  whole  diagram 
could  easily  have  been  shifted  up  to  achieve 
better  distribution  and  balance.  In  fact,  if  the 
whole  lower  portion  of  the  diagram  were 
completely  flipped  over  so  that  the  lower  tach 
generator  circuit  were  directlyi  under  the  top 
tach  generator  circuit  and  the  three-wire 
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synchro  circuit  were  at  the  bottom,  the  whole 
group  of  circuits  could  be  drawn  much 
simplier  and  without  any  dog  legs. 

Wiring  diagrams.  This  type  of  symbolic 
illustration  shows  only  theoretical  locations 
and  connections.  Signal  or  impulse  flow  is  not 
directly  indicated  on  the  diagram.  WhiJe  not 
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Figure  2-17.  Schematic  diagram. 
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directly  shown,  the  impulse  path  can  be 
traced  by  an  experienced  man, 

A  typical  wiring  diagram  of  a  system 
component  is  shown  in  figure  2-1^  Notice 
that  the  primary  purpose  of  this  diafgram  is  to 
show  the  wiring  connections  between  the 
various  component  items.  In  thi^  particular 
diagram  the  locations  of  the  psits  are  also 
shown.  You  can  see  the  differen/e  between  a 
wiring  diagram  and.  a  schematic  by  comparing 
the  wiring  diagiram  of  figure  2-16,  with  the 
schematic  of  the.  same  piece  of  equipment 


shown  in  figure  2-17,  Notice  that  the  wiring 
diagram  is  primarily  concerned  with  showing 
the  interconnection  of  the  various 
components  with  the  lines  representing  the 
path  that  the  actual  wires  take  in  the  actual 
system  component.  In  the  schematic  the 
principal  concern  is  with  showing  signal  flow. 
Therefore,  the  whole  diagram  is  designed  for 
that  purpose. 

Exercise  (811): 

1,  Redesign  figure  2-18  to  improve  its  quality, 

k 


Figure  2-18.  Objective  811,  exercite  1. 
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2-4.  Principles  of  lUustrating 
for  Television 

Television  is  a  medium  appealing  to  two  of 
the  human  senses'-sight  and  hearing. 
Therefore,  this  audiovisual  medium  is  ideally 
suited  for  instruction  by  showing  while 
telling.  Of  couKe,  the  success  of  this  medium 
as  a  teaching  pevice  depends  greatly  on  the 
preparation  that  is  made  before  the  TV. 
camera  starts  shooting.  One'  of  the  area  of 
preparation  is  graphic  aids— the  visu^  aids 
that  form  a  large  part  of  the  props  necessary 
to  put  on  a  program.  Here  is  where  you,  as  an 
illustrator,  get  into  the  act. 

Graphic  materials  are  used  effectively  in 
ttie  presentation  of  concrete  and  abstract 
ideas  in  educational  and  informational 
television.  Graphics  include  all  the  visualy 
materials  used  to  reinforce,  speed,  and  clarify 
the  communication  of  ideas,  concepts,  and 
theories. 

Visual  materials  for  television  should  be 
simple  and  direct  so  that  new  ideas  to  be 
presented  are  not  lost  in  unnecessary  detail. 
This  last  factor,  closely  related  to  legibility,  is 
of  prime  importance  since,  without  legibility, 
communication  is  lost. 

In  many  respects,  visual  aids  prepared  for 
use  on  television  require  different  standards 
of  preparation  than  do  visual  aids  for  use  in 
the  conj^Qtional  briefing  room,  classroom,  or 
auditorium.  Therefore,  a  knowledge  and  an 
^preciation  of  the  peculiarities  of  television 


visual  aids  are  essential  for  an  illustrator  and 
must  be  included  in  your  trailing. 

Since  the  itandards  of  preparing  artwork 
used  to  produc»-«lides  and  traniparenciet  for 
overhead  projection  are  similar  to  those  for 
television  artwork,  we  have  included  the 
preparation  of  slides  and  transparencies  in  this 
chaptar. 

Before  constructing  any  graphic  aid^  you 
must  cojitider  certain  factors  that  wiU 
influence  y^^SiS^tgrrol^e  aid.  Regardleta  of 
the  technical  excellence  or  informational 
value  of  the  aid,  if  you  do  not  adhere  to 
certain  standards  of  design,  the  aid  may  not 
be  of  any  value,  or  at  least  iti  potential  value 
may  be  greatly  limited.  This  ii  due  to  the 
peculiarities  of  presentation  by  television.  The 
factors  you  must  consider  are: 

a  Aspect  ratio. 

a  Edgelost  and  safety  field. 

a  Lettering  size  and  styles. 

a  Size  of  graphic  aids. 

a  The  method  of  checking  for  clarity. 

a  Use  of  black  and  white. 

a  Use  of  grays. 

a  Use  of  color.  ) 

812.  Sohre  two  given  problems,  one  using  the 
aspect  ratio,  tl^e  other  using  the  one^th 

rule. 


Aspect  ^^tio. 


Artwork  for  television  must 
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conform  to  the  shape  of  the  screen  area  of  ihe 
television  picture  tube.  The  relationship^  of 
hel^t  to  width,  which  approximates  the 
proportion  of  the  monitor  (receiver),  is 
called  the  aspect  ratio.  This  ratio  is  3  by  4  (3 
units  higli  by  4  units  wide)  and  includes  all 
components  of  a  TV  visual  presentation,  such 
as  the  graphic,  the  camera  viewfinder,  and  aU 
monitors.  All  visuals  constructed  for  TV 
should  have  this  aspect  ratio  to  insure  that  all^ 
of  the  necessary  visual  material  is  seen  onj^ 
monitor.  PajJ^^A  of  fi^j^e  2-19  shows  a  visual 
aid  with  the  wrong  aspect  ratio.  Notice  that  In 
framing  the  aid  from  top  to  bottom, 
considerable  blank  space  is  left  on  each  side. 
Framing  the  aid  from  side  to  side  cuts  off 
material  at  the  top  and  bottom.  Part  B  of 
figure  249  shows*  the  same  aid  revised  to  the 
proper  3  by  4  aspect  ratio.  Notice  that  now 
the  entire  aid  is  on  the  monitor  screen  'with 
no  blank  spaces  on  any  of  the  sides  and  that 
no  material  is  cut  off. 

The  3  by  4  aspect  ratio  has  a  number  of 
merits.  Probably  the^most  important  reason 
for  using  this  ratio  is  that  it  is  the  same  as 
employed  by  the  motion  picture  industry. 
Thus,  a  televised  motion  picture  is  usually  not 
appreciably  cropped  (cut  off  at  the  top, 
bottom,  or  sides).  Many  years  ago  this  aspect 
ratio  was  determined  to  be  artistically  sound 
since  it  approximates  the  dimensions  of  the 
normal  range  of  vision,  our  hofizontal  range 
of  vision  being  about  one-third  greater  than 
our  vertical  range. 

In  view  of  the  fact  that  still  photographs 
are  often  printed  in  a  vertical  format,  one 
might  think  that  much  will  be  lost  when  such 
photographs  are  confined  to  the  horizontal. 
There  *  is,  however,  very  little  loss  in 
compositional  effects.  In  general,  there  is 
usually  more  interest  in  the  horizontal 
direction  and  most  motion  is  horizontal 
rather  than  vertical.  Any  graphic  artwork  is 
designed  to  fit  within  this  3  by  4  shape  for 
maximum  utilization  of  the  picture  area  and 
correct  framing  by  the  cameraman. 

Edge  loss  and  safety  field.  A  problem 
closely  related  to  the  TV  aspect  ratio  is  th^ 
edge  loss  and  safety  field.  The  television 
system  tends  to  crop  the  edges  of  all  picture 
material.  With  slides,  film,  and  artwork 
prepared  for  opaque  projection,  the  first 
cropping  is  done  by  the  projector.  The  film 
pickup  camera  and  the  studio  camera  crop 
more  area,  and  finally  the  receiver  or  monitor 
itself  make  an  additional  cropp^g.  Artwork 
material  must  be  prepared  to  keep  the 
important  subject  matter  within  a  safety  field 
80  that  all  of  the  information  will  appear  on 
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Figure  2-20.  Safety  field  (one-sixth  rule). 


the  receiver.  Artwork  prepared  for  studio 
coverage  is  not  quite  so  critical  sinAe  the 
cameraman  can  allow  for  an  additional  safety 

*  mai^n. 

The  one-sixth  rule  for  determining  the  safe 
area  is  useful  and  easy  to  understand.  As 
shown  in  figure  2-20,  you  divide  the  camera 
field,  which  is  ithe  total  area  of  the  picture, 

•  into  sbc  equal  subdivisions  both  vertically  and 
horizontally.  The  area  covered  by  the  16 
central  rectangles  is  the  safe  area.  A  mask, 
corresponding  to  the  overall  size  of  the  visual 
with  the  safe  area  cut  out,  is  useful  in  making 
visual  aids.  You  just  place  the  mask,  which 
can  be  made  from  paper  or  cardboard,  on  the 
card  you  plan  to  use  to  make  your  visual  and 
print  or  draw  within  the  cutout  area. 

As  you  can  see  in  figure#2-20,  the  safety 
margin  is  quite  large.  This  safety  margin  is 
particularly  important  when  the  camera  is 
equipped  with  an  unage  orthicon  tube.  The 
image  orthicon  is  equipped  with  a  safety 
device  called  an  electronic  orbiter  that  causes 
the  picture  to  slowly  and  imperceptibly 
rotate.  The  rotation  prevents  the 
semipermanent  impression  of  the  picture  pn 
the  tube,  especially  when  bright  subjects  are 
encountered.  While  the  rotation  (1  to  2 
rotations  per  minute)  is  imperceptible  to  the 
average  viewer,  it  actually  shifts  the  framing 
of  a  graphic  when  the  graphic  is  on  camera  for 
20  or  30  seconds.  The  result,  in  tfie  case  of  an 
inadequate  margin,  is  that  the  shot  could  be 
initially  framed  when  it  first  appears  and  be 
misframed  after  the  orbiter  shifts  it. 

Commercial  television  illustrators  have  to 
make  an  additional  allowance  for  monitor 
misalignment  as  to  size,  centering,  focus,  etc. 
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|n  cottimercial  television,  the  monitor  (t^t  is, 
the.  viewing  equipment)  is  not  under  the 
corificorojf  station  personnel,  since  it  belongs 
to  the H>*  Viewer.  Howe\;fr,  'in  JJpst, 
noncommercial  TV  stations  .the  monitor  isir 
ov^ned  and  controlled  by  the  same  personnel 
thai  are  producing  the  television  production. 
Unjder  these  Circumstance'  there  is  no  itifason 
wl^  test  patterns  cannot  be  periodically  and 
frequently  tra^lsmi^ted,  jpioi^rs  aligned,  and 
giaghics  chA:ked*.out  for  adequacy.  Thus,^ 
extra  amount  of  safety  field  need  ffot  be 
provided,  as  in'^ammerciaPTV. 

It  \s  desirable  tha^  some  framing 
anraorlgement  be  worked  Out  between  the 
graphic  section,?^  the  ;jpne'raipan,  and^the 
producers.- Spmetimes  a' graphic confined 
apd  enttf^ly  visible  within^ the  transmitted 
picture.  Oa  other  occasio|is,  it  is  desirable  to 
have  the  graphic  ble^^'off  and  OMl  of  the 
picture  ^ea.*Not  necessarily  knowing  the 
the 


illustration  if 
Maintained? 


tlfe    3   to    4.,!xatio  is 


2.  If  the  illustration  surface  is  9  by'^lS  inches, 
using  the.pn^-siicth  rule,^jvhat  is  the  size  of 
the  drawing?  ^ 


81 3.  Sta^  the  criterion  that  deterinin;^  4he 
adeqikcy  of  lettetjcmg  \ize  and  -^les,  and 
^pply  the  fox^xda  for  selecting  %iaximum 
letter  height.  ' 

Lettering  §|ze  ap^  Styles.  Lettering  size. 


intent  the    particular'  graphic^  the    ytyles,  and  geneSfgraphic  techniques  are  best 

cameraman  and  often-  the  director  ate  not  ^developed  as  a  resul^of  experience  in  your 
sure  whethej  the  entire  graphic  display  is  own  iristallatioi^.  The  criterion  i§:  "if  the 
displayed  to  the  \^ewer  or  jvhgther  %  is^  >  graphic  can  -be  ^  seen  On  the  .monitor  with  ^ 


intended  that  part  of  the  graphic  be  "cropped 
by  camera  framing.  F.or  tWs  reason,  a  format 
can  be  established  by  means  of  sampleonaisks 
to  be  placed  over  graphics,  whexgjay  the  mask 
indicateF(l)  the  total  area  to  be  seen  and  (2) 
the  '  important  "content  area.  This  mask  is 
helpful  to  both  the  cameraman  gnd  to  you. 


sufficient  clarity  to  iUustrote  its  point,  ypur 
tizes  and  ^styles  ^gjre  appippriate."  If  \he 
graphic  is  not  clear,  the  'letter  sty^e^  size, 
ai^d/gr  the  mediuip  must  be  changed.  No  ha^;d 
arid  JEast  ruli^^  can  b^  stated.  Each  graphic 
Organization  wiK-have  £o  wQrk  out  its  dwn^ 
standards  based  upon  tj^e  pictorial  resolution 


The  cameraman  sets  up  this  mask  on  a  stand     ability      its  transmission  system»*the  basic 


and  frames  his  camera  so  that  he  sees  the 
entire'  display  area.  From  this  point  Qn,  il  he 
does  not  move  his  camera  either  toward  or 
away»  from  the  graphic,  he  will  have  the 
correct  framing  through  an  entire  series  of 
graphics.  Since  you  prepare  your  graphics  to 
the  same  mask  you  can  rely  upon  the 
cameraman  showing  the  entire  display  area  as 
indicateil  on  the  mask.  It  is  common  for  the 
display  area^to  represent  the  total  scan  of  the 
monitor*  while  the  graphic  content  area  is 
confined  to  the  areas  of  good  resolution.  In 
other  words,  the  difference  between  the  outer 
limits  of  the  mask  and  the  inner  area  of  the 
mask  excludes  that  area  of  poor  edge  and 
comer  resolution.  When  you  use  this  system, 
there  is  no  ipisunderstanding  between  the 
cameraman  and  the  illustrator  as  to  how 
much  of  the  picture  to  show,  and  there  is  a 
virtual  guarantee  that  important  and  crucial 
graphic  information  will  not  fall  intq  the  areas 
of  poor  pfttorial  resolution. 


E3(ercises(812): 

1.  What  is  the  size  of  a  full  page  (regular). 


artwork  size  chps%n  ^  a  standard,  etc.  Fronf 
%iese  considerations,  certain  .letter  lize^  and 
style  will  develop.      ^    V       ,  •  ^ 

It  is  import^t  that  minimun^letter  sizj^^  be 
u^d  only  when  necessary  iiS>  order  to  porti^ay 
a  maximum  of  informatioijLin  a^imited  space? 
^  The  minimum  should  be  just  that— minimunlS. 
Do  iiot  use  tlie 'minimum  ^ as.  a  standard. 
Whenever  possible,  use 'a  larger  ari3  more 
clearly  perceivable  size  .of  letter.  ^ '  ' 

For  maximunl  visibility,  lettering  for 
television  shduU  be  simple  in^styl^l  The 
individual  type  characters  should  be 
consistent  and  clear.  Complicated  letter  styles 
such  as»pmate  aSid  Old  English  should  nolFbe 
used  because  they  are  difficult  to  read  at  a 
glance.  Extremely  thin  letters  should  not  l>s 
used  because  of  the  possibility  of , losing^ 
portions  of  the  lettering  in  transmission. 

A  rule  to  determine  letter  height  has  been 
established  based  upon  legibility  at  20  feet 
from  a  21Mnch  receiver.  ♦The  rule  for 
maximum  visibility  at  this  distance  is  this: 
'The  height  of  the  lettering  should  be  a 
minimum  of  1/15  of  the  graphic  height.**  For 
example,  a  graphic  having  ar  Vertical  copy 
layout  area  of  15  inches  should  have  letters  at 
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Figure  2-21.  Minimum  lettering  height. 

least  1  inch  high.  This  minimum  height  rule  is 
illustrated  in  figure  2-21 : 

Additional  rules  of  good  spacing  must  also 
be  considered  in  television  graphics.  For 
television,  the  distance  between  individual 
letters  should  never  be  less  than  the  thickness 
of  the  letter  itself.  Television  scanning  tends 
to  cause  the  lettering  to  appear  to  be  closer 
together;  thus  wider-than-usual  spacing  is 
necessary.  ^  ^ 

The  thickness  of  a  line,  or  line  weight,  is 
another  important  factor'  to  consider  when 
designing  TV  graphics.  Based  upon  the  above 
legibility  standard »  line,  wei^t  should  be  a 
minimum  of  1/75  the  width  of  the  copy 
layout  area.  The  nature  of  the  illustration  and 
the  importance  of  each  line  of  copy  govern 
the  wei^t  of  the  lines. 

Size  of  Gr^hic  Aids*  We  previously 
discussed  the  a^ect  ratio  of  graphic  aids. 
However,  no  mention  was  made  of  the  actual 
iize.\  Considering  an  aspect  ratio  of  3  to  4,  the 
grapl^  can  be  made  in  any  size  as  long  as  this 
mtio  Is  midntained.  Thus,  the  graphic  can  be  3 
by  4  inch^  or  such  dimension  as^30  by  40 
inchfes,  or  even  9  by  12  feet.  Notice  that  the 
mtio  in  an  of  the  above  sizes  is  the  same.  Even 
though  the  ratio  is  correct,  you  must  use  an 
appropriate  size.  Your  problem  is  to  provide  a 
graphic  in  the  3  by  4  ratio  that  when 
displayed  at  mojoitor  size  (whether  this 
invblvei  enlargement  or  reduction)  is  clearly 
visible  to  the  viewer  at  the  mean  viewing 
distance. 

Most  TV  ixutallations  select  the  actual  size 
of  thedr  graphic^  based  on  such  considerations 
ii^  tlbte  staiubud'  stock  size  of  ^illustration 
boaid*  the  need  to  file  and  to  store»  the  size 
of  the  storage  area,  and  complexity  of  the 
graphic.  Naturally » you  want  to  use  a  size  that 


is  comfortable  to  work  with.  Let's  see  why 
these  other  considerations  are  important. 

Television  gray  board  comes  in  the 
standard  size  of  30  by  40  inches.  This  is^  in 
our  3  by  4  ratio.  Therefore,  the  board  can*  be 
used  as  it  is,  if  the  illustration  requires  this 
much  material  and  you  h\ave  adequate  storage 
room.  If  you  use  this  large  size,  do  not  be 
misled  into  thinking  your  work  is  more  legible 
than  it  actually  is._A  30-  bx^  40-inch_ 
illustration  that  is  perfectly  clear  to  you  when 
you  hold  it  at  arm  length  will  not  necessarily 
be  as  clear  to  the  TV  viewer  when  he  is 
looking  at  a  2i-inch  monitor  at  a  mean 
viewing  distance  of  9  feet. 

Suppose  we  cut  the  30-  by  40-inch  sheet, 
into  smaller  pieces  for  purposes  of  economy. 
By  cutting  the  stock  sheet  10  times  on  each 
edge,  we  obtain  100  pieces  which  are  3  by  4 
inches,  stDl  in  a  3  by  4  ratio.  Obviously,. this  is 
impractical  for  illustrating,  since  much  of 
your  work  would  have  to  be  almost 
microscopic.  When  the  small  graphic  is 
enlarged  enough  to  fill  a  TV  screen,  minor 
mistakes,  bobbles,  and  trem  bles  are  also 
enlarged  and  are  quite  disconcerting  to  the 
viewer.  The  appropriate  size,  then,  lies 
somewhere  in  between  our  two  extremes. 

A  good  comfortable  size  is  obtained>by 
cutting  the  stock  material  into  9  pieces,  each' 
approximately  10  by  13 'A  inches.  This  size  is 
a  convenient  one  for  you  to  work  on;  it  is  a 
convenient  size  for  storing  in  standard  file 
cabinets,  and  it  is  a  convenient  size  for 
handling  by  personnel  during  the  presentation 
of  the  TV  production.  Remember,  however, 
that  this  is  the  size  of  the  card  stock  and  that 
the  viewing  area  is  somewhat  smaller  when 
the  one-sixth  rule  is'^S^plied.  When  possible, 
all  graphics  should  be  made  in  a  single  size 
^ — 'sJnCevi^mera  framing  and  focusing  n^ed  to  be 
done  j)nly  once  for  an  entire  series  of 
graphics. 

Graphic  art  techniques,  as  used  in  television 
illustration,  are  limited  by  television 
transmission  and  visibility.  In  general,  we  can 
say  that  poster  techniques  are  best  suited  for 
television  illustrations.  As  with  poster  design, 
details  and  tones  are  so  accomplished  as  to  6e 
understandable  at  a  distance.  Simplification 
of  line»  tone,\  and  lettering  is  essential  for 
maximum  legibility. 

Method  of  checking  clarity.  Now,  let's  find 
out  how  we  can  tell  if  your  artwork  has 
adequate  clarity  from  the  standpoint  of  the 
TV  viewer.  Assume  that  the  size  of  the  basic 
graphic  is  10  by  13y3  inches.  You  are  working 
on  this  graphic  with  your  eyes  about  20 
inches   from   your   work.    However,  this 
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distance  tells  you  little  about  how  the  graphic 
looks  from  the  distance  at  which  a  TV  viewer, 
sees'  it.  At  what  distance  then  should  you 
examine  your  work  ,  to  get  the  same 
impression  as  the  viewer?  The  graphic  is  10 
inches  high  but  after  taking  off  a  l^/i-inch 
bolder  at  the  top  and  at  the  botto6i,  the 
space  left  for  the  actual  artwork  is  7  inches.  If 
you  assume  that  the  monitor  screen  is  14 
inches  high  and  that  it  will  be  viewed  at  a 
mean  distance  of  9  feet,  you  can  find  the 
distance  from  which  yoji  must  look  at  your 
illustration  by  the  following  calculations. 
Since  7  inches  (the  height  of  y^ur  illustration) 
is  1/2  of  14  inches  (the  height  of  the  TV 
screen),  you  must  view  your  illustration  from 
a  distance  of  1/2  the  mean  viewing  distance. 
Therefore,  you  should  view  your  work  from  a 
distance  of  1/2  of  9  feet  which  is  4V^  feet. 

The  principle  discussed  in  the  previous 
paraghtph  pertains  to  all  graphics  and 
monitors;  however,  our  example  pertains  only 
to  the  specific  sizes  and  ctimentions  men- 
tioned. It  is  important  that  you  remember 
at  all  times  that  your  working  distance  is  not 
the  proper  viewing  distance.  No  matter  what 
size  stock  material  you  use,  no  matter  what 
monitor  size  is  used,  you  should  continually 
check  your  work  by  standing  back  at  the 
viewers  relative  viewpoint.  In  this  way  you 
can  make  sure  that  the  information  imparted 
by  the  graphic  will  be  clearly  visible. 

Exercises  (813): 

1.  If  a  TV  graphic  is  10  inches  high  and  I'SVa 
inches  wide,  what  is  the  smallest  possible 
height  tiiat  lettering  can  be?  How  thin  can 
the  line* weight  of  the  letters  be? 


If  you  have  a  strip  of  prepared  lettering 
that  is  1?3  inch  hi^  that  you  want  to  sue 
in  a  graphic  illustration  for  TV,  what  is  the 
maximunf  height  that  you  can  draw  the 
illustration?  ^ 


3.  State  the  general  criterion  for  testing  style 
and  size  of  letters. 


814.  Specify  the  advantages  and 
disadvantages  of  using^  black  and  white  as 


Figure  2-22.  Graphic  \rith  thr«e  thftdes. 

compared  to  color;  explain  the  general  rule 
you  apply  to  decide  whether  or  not  the 
illustration  has  .  adequate  resolution;  and 
explain  restrictions  concerning  gray  tones. 


Use  of  Black  and  White.  At  first  thought,  it 
would  seem  that  the  use  of  black  and  white 
would  be  very  appropriate  for  many  graphics. 
For  example^  the  presentation  of  a 
mathematical  formula  in  black  and  white 
seems  to  be  a  good  idea  since  an  extreme 
contrast  range  is.  desirable  in  most  illustrative 
work.  This  is  not  so  when  presented  on  TV. 
Too  much  contrast  can  cause  halo  and 
horizontal  streaking  when  the  two  extremes 
are  used  adjacent  to  each  other.  Rather  than 
black  letters  on  a  white  background,  a  graphic 
having  three  tones  such  as  shown  in  figure 
2-22  would  be  preferable. 

In  general,  the  use  of  black  and  white  in 
each  illustration  is  essential.  Although  using 
black  and  white  in  every'  illustration  may  not 
always  be  appropriate  from  your  view  point 
as  an  illustrator,  the  video  e'ngineer  finds  it 
most  desirable.  The  video  engineer  sets  his 
video  levels  on  a  black-white  basis.  He.  must 
have  black  and  white  present  in  the 
illustration  in  .  order  to  establish  his  basic 
video  setup.  G.enerally  speaking,  the 
difference  in  black  and  white  to  the  video 
engineer  ts  a  1-volt  peak-to-peak  signal.  He 
does  not  consider  the  intermediate  grays-4ie 
sets  the  black  and  white  levels  correctly,  and 
the  grays  automatically  fall  into  their  proper 
place.  If  he  is  p|Ovided  with  an  illustration 
that  lacks  eitherolack  or  white  or  both,  he 
has  no  basis  for  adequate  video  setup,  and  the 
result  mil  likely  be  a  podr  or  marginal 
transmission.  There  are  cases  where\  the 
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deliberate  inclusion  of  black  and  white,  even 
though  inappropriate  to  the  pictorial  content 
if  the  graphic,  is  a  strained  but  necessar\^ 
fenique  for^^ttie  illustrator.  However,  this  is 
one  of  the  ground  rules  of  television  with 
which  the  TV  illustrator  mustjeam  to  live. 

t/se  of  grays.  Presuming  that  the  television 
system  is  properly  adjusted,  a  maximum  of. 
about  eij^t  distinct  shades  of  gray  plus  blacic 
and  white  are  discernible  in  black  and  white 
TV ,  reproduction*  Because  of  transmission 
restrictions,  you  must  be  careful  how  you  usfe 
your  gray  tones*  If  you  place  *two  only 
sli^tly  different  gray  tones  side  by  side,  they 
wiU  probably  look  alike  when  they  are 
reproduced  on  the  screen.  You  should 
compensate  for  this  by  spreading  your  grays 
when  making  tonal  illustrations.  Graphics 
should  be  ^fo^tricted  to  about  three  or  four 
shades  of  gray  (if  this  many  are  necessary) 
plus  black  and  white.  If  you  limit  yourself  to 
three  shades  of  gray,  you  can  use  every  other 
shiBuie  in  the  gray  scale. 

Using  color.  You  can  use  color  in  preparing 
graphics  for  black  and  white  TV  but  you  must 


use  them  with  caution  and  only  in  terms  of 
their  gray  scale  equivalents.  Two  colors  in- a 
graphic  show  considerable  contrast  to  the  eye, 
but  on  television  they  may  actually  appear  as 
identical  shades  of  gray.  A  similar  situation 
could  develop  on  live  TV  where  red  chalk  is 
used  on  a  blackboard.  If  jnau  are  in  doubt 
about  any  color  contrast,  check  the  colors  out 
on  camera  before  you  go  into  production.  Do 
not  be  misled  by  thinking  that  color  somehow 
contributes  to  the  graphic.  It  may  not  do  so. 
If  you  must  use  colors  for  some  reason, 
prepare  a  gray  response  chart  such  as  the  one 
we  discussed  in  the  chapter  on  color.  Relate 
the  various  colors  to  their  gray  scale  values. 
Place  the  various  colors  and  hues  in  columns 
or  rows  corresponding  to  the  shade  of  gray  in 
which  the  hue  will  appear  on  TV.  Not  all  hues 
will  have  the  same  exact  gray  value  as  the 
steps  in  the  gray  scale,  but  you  can  construct 
the  columns  to  accommodate  shghtly  lighter 
and  darker  readings^  To  construct  a  gray 
response  chart,  first  lay  out  the  gray  scale  and 
th&  make  on-camera  comparisons  of  the 
sampdes  of  color.  Remember  that  the  gray 
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responses  are  not  absolute  and  will  vary  With 
factors  such  as  lighting  and  camera  tube  life. 


^In- 
experienced photographer,  photographing  the 

RETMA   resolution   target   (test  pattern), 

which  is  shown  in  figure,  2-23,  would  .be  a 

fairly  st^ghtforward  job.  He  could  make  an 

exactinPfeproduction  that  would  show  every 

line  and  ^very  shade  of  gray  on  the  target. 

Television  reproduction  does  not  permit  a 

level     of     resolution     comparable  to 

photography.  Resolution  is  the  ability  of  the 

system  to  reproduce  fine  detail.  A  resolution 

number    may  be  assigned  by  noting  the 

maximum  ability  of  the  system  to  distinguish 

between  lines  of  the  illustrated  target. 

For  example,  using  figure  2-23,  note  that 
the  central  portion  shows  a  number  of  lines 
that  taper  in  to  a  closer  spacing  as  they  ' 
approach  the  center  of  the  target.  One  band 
goes  from  200  to  400,  and  the  band  next  to  it 
goes  from  400  to  800.  By  watching  the 
monitor,  you  may  readily  distinguish  a  point 
where  the  lines  are  just  barely  separated.  Let 
us  suppose  that  the  lines  just  barely  appear 
separated  at  the  point  marked  "350.**  This 
then,  is  the  resolution  of  the  system  at  this 
point  on  the  screen.  This  resolution  would  be 
quite  acceptable  in  broadcast  television.  At 
the  same  time,  you  can  check  '  out  the 
resolution  at  any  point  on  the  monitor  by 
viewing  the  appropriate  parallel  bars,  tapered 
lines,  or  circles.  You  can  also  check  out  the 
system  with  thiS  same  target  by  viewing  the 
gray  scale  rendition. 

Although  closed  circuit  television  systems 
have  a  considerably  ^ater  capability  than 
broadcast  systems  because  they  employ  a 
greater  number  of  vertically  spaced  scanning 
lines  and  many  more  video  pul&es  per  scan 
line,  much  of  any  fine  detail  in  an  illustration 
will  be  lost.  Therefore,  when  you  prepare  an 
illustration  for  television,  you  should  visualize 
it  as  though  it  were  being  presented  on  a 
monitor.  We  have^  already  discussed  the 
practice  of  stepping  back  to  get  the  same 
viewing  ratio  as  the  viewer.  Now,  h^e  is  how 
you  can  tell  what  your  illustration  will  look 
like  after  loss  due  to  the  TV  system!s  poor 
resolution  factor.  Lay  a  sheet  of  wax  paper 
over  your  illustration  and  step  back  to  the 
appropriate  viewing  distance.  The  net  result  is 
very  similar  to  what  the  TV  system  does  to 
your  illustration.  You  can  save  a  great  deal  of 
time  and  effort  by  not  including  those  details 
which  cannot  penetrate  the  TV  system.  A 
good  rule  to.  follow  in  designing  your 
iUustration  for  television  is  BIG,  BOLD,  and 
SIMPLE.  Where  details  are  important  to  the 


content  and  concept 
will  often  have  to 
methods. 


i 


the  illustration,  you 
develop  spetific  TV 


Exercises  (814): 

1.  What  are  the  advantages  and  disadvai^tages 
of  using  black  and^hite  (as  opposed  to 
color)  in  a^-^iitismitions  that- are  to  be 
reproduced  on  television? 


2.  Why  should  you  restrict  your  use  of  gray 
tones  when  designing  a  graphic  for 
television  reproduction? 


3.  If  you  use  color  in  preparing  your  graphics 
for  black  and  white  television,  to  what 
factor  must  you  pay  particular  attention? 


4.  State  the  general  rule  that  determines 
adequacy  of  resolution. 


2-5.  Television  Techniques 

Since  the  type  of  illustration  will  depend 
on  the  particular  television  technique  used  to 
present  it,  you  must  learn  something  about 
these  different  techniques.  Therefore,  let's 
discuss  several^  of  the  most  important 
techniques— studio  cards;  rear  projection, 
slides,  the  phantom,  animation,  and 
illustrating  for  color  TV. 


815.  Given  a  list  of  descriptive  statements 
concerning  TV  production,  sdect,  then  match 
the.  appropriate  terms. 

Studio  Cards*  Considering  the  total  number 
of  visual  aids  used  on  television,  most  graphics 
are  in  the  category  of  studio  cards;  that  is, 
small  cards  placed  on  an  easel,  mounted  on  a 
pegboard,  or  stuck  on  the  wall  with  tape,  and 
shot  by  a  studio  camera.  Since  the  cards  are 
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used  for  static  presentations,  they  permit 
careful  framing,  lighting,  and  camera 
portrayal.  In  addition,  they  allow  the  narrator 
to  point  to  and  ^iscuss  various  aspects  of  the 
graphic. 

Media  used  in  constructing  studio  cards  are 
tempera,  retouch  grays,  airbrush,  grease 
pencil,  pencil,  pen  and  ink,  felt  point  pens, 
and  pastels.  Matte  finish  texture  sheets  and 
matte  finish  tapes  are  also  very  effective  for 
making  studio  cards.  Photographs  that  are  not 
glossy  make  excellent  studio  cards  when 
mounted  on  a  cardboard  backing. 

It  is  possible  to  subdue  a  portion  of  the 
graphic,  where  three  or  more  ideas  are 
presented  at  the.  same  moment,  by  using  a 
tracing  paper  overlay  with  a  cutout  revealing 
the  area  in. which  you  are  interested.  The 
areas*  under  tracing  paper  are  subdued,  but 
visible.  The  most  clearly  visible  area  and  the 
one  that  the  viewer  will  focus  on  is  the  area 
not  obscured* by  the  tracing  paper.  As  the 
concepts  develop,  the  original  tracing  paper 
can  be  modified  or  removed  entirely.  Studio 
cards  have  the  main  advantage  (as  compared 
with  slides)  of  being  in  the  studio  with  the 
narrator  and  under  the  direct  and  immediate 
control  of  th^  cameraman,  the  floor  manaJger, 
etc. 

Rear  projection.  In  studio  production, 
transparencies  are  often  projected  on  the 
backside  of  a  translucent  screen  and  picked 
up  by  the  studio  camera.  The  transparencies 
normally  used  are  the  2-  by  2-inch  slide  and  by 
the  4-  by  5-inch  cell. 

There  are  three  important  advantages  to' 
rear  projection.  First,  a  ^projector  with  its 
associate  cables  does  not  clutter  up  the 
9tudio  set  and  inhibit  camera  movement. 
Second,  the  studio  light  falling  on  the  screen 
does  not  deteriorate  or  wash  out  the 
projected  picture  from  the  rear  projection  as 
it  does  with  front  projection.  Third,  the 
performer  may  work  close  to  the  projected 
picture  with  no  worry  about  blocking  the 
h^t  from  projector  to  screen. 

The  artwork  for  rear  view  transparencies 
can  be  produced  in  a  number  of  ways.  For  TV 
use,  the  photographic  negative  or  positive  is 
satisfactory.  Tl^e  .original  artwork  is 
constructed  keeping  the  standards  of  legibility 
in  mind;  then  the  artwork  is  photographed 
and  reduced  to  a  2-  by  2-inch  or  4-  by  5-inch 
transparency.  Next  the  filiii  is  mounted  in  a 
frame  and  made  ready  for  rear  projection. 

Another  type  of  rear  projection  uses  no 
screen.  A  lax^e  acetate  transparency  such  as 
the  ones  used  in  overhead  projectors  ia  placed 


on  a  transparency  box  and  is  li^ted~Eom 
behind.   The  camera  actuaUy  shoots  the  * 
rear-lighted  transparency.  ^ 

Slides.  One  of  the  most  versatile  ways  of 
displaying  visual  material  on  television  is  by 
t^ie    film-camera    chain .    This    piece  of 

equipment  projects  transparent  visuals,  slides, 
and  movie  film  directly  into  a  camera.  By  use 
of  the  multiplexer  most  studios  can  handle 
several  sizes  of  slides  as  well  as  16-mm'sound 
films.  The  most  important  display  feature  of 
the  film  chain  multiplexer  arrangement  is  the 
ability  to  switch  quickly  from  slide  to  slide 
regardless  of  size.  ^ 

The  slide  is  presented  in  either  ^ositrve^--^ 
negative  form.  In  the  positive  form  it 
functions  as  a  studio  card;  however,  the 
narrator  cannot  point  since  he  would  interfere 
with  the  projection  of  the  image.  The  slide 
used  in  the  negative  form  can  be  used  as  a 
superimposition  (super).  The  information  on 
the  slide  is  superimposed  over  a  live  scene. 
The  lettering  plus  the  live  scene  appear 
together.  Supers  usually  are  presented  on  the 
lower  one-third  of  the  TV  screen;  however, 
they  may  be  planned  to  be  inserted  in  any 
rarea  of  the  picture. 

The  original  graphic  can  be  used  directly  on 
camera  just  as  easily  as  a  slide;  however,  using  . 
a  slide  has  certain  advantages  and  permits 
certain  specific  applications.  One  advantage 
(for  the  director)  is  that  the  use  of  the  graphic 
in  sliche  form  involves  a  film  chain  and  does 
not  tie  up  one  of  his  -studio  cameras. 
^  However,  to  use  a  slide  when  a  studio  camera 
is  readily  available  introduces  an  unnecessary 
photographic  step  into  the  process  and  a 
correspondingly  unnecessary  expense.  The  use 
of  slides  rather  than  the  graphic  itself  on  the 
studio  camera  is  justified  if  the  graphic  is 
repeatedly  used  during  the  program.  In  live 
programming,  dards  suffer  studio  damage  and 
loss,  and  they  are  a  filing  and  storage 
problem.  The  use  of  slides  in  these  cases  will 
protect  the  graphic  through  repeated  use  and 
simplify  storage  and  filing  procedures.  In  a 
single  instance  of  recorded  programming,  the 
principal  justification  for  the  use  of  slides  is 
free  a  studio  camera  for  other  use. 

The  Phantom.  The  priitciple  of  the 
phantom  is  based  on  color  values.  To  use  this 
technique,  you  draw  the  illustration  on  a 
medium  gray  background  in  colored  media, 
preferOTly  pencil.  You  must  use  a  color  that 
has  the  same  value  on  the  gray  scale  as  the 
background  material.  As  a  result,  while  your 
basic  drawing  is  visible  to  the  narrator  or 
instructor,  it  is,  in  effect,  invisible  to  the  TV 
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-cameii(;-The  narrator  or  Instructor,  UBing  a 
^It^tipp^"^  p€n"or"gr®se  pen^ilrtraca  ov^r 
the  colored  drawing  visible  to  him.  To  the  TV 
'cam^ra^  he  appears  to  be  making  a  completely  * 
new  drawing  on  £1  blank  background.  This 
approlach  has  several  uses  and  advantages.  For . 
example,  when  it  becomes  necessary  or 
desirable  Jto  develop  a  complex  graphic  on 
camera^  the  drawing  probleios  involved  are 
vas^tly  simplified  for  the  **on-cfmi€ra  artist."  v 
He  merely  has  to  trace.  This  technique  gives 
the  impression  that  the  on*camera  performer 
is  not  only  a  competent  instructor  but  that  he 
is  also  a  good  illustrator.  This  phantom, 
technique    can    also    be    used    in  the 
development  of  mathematical  problems  as  a 
convenient  means  of  preventing  innocent 
errors  that  sometimes  occur  regardless  of  the 
on-camera  performer's  competence. . 

The  phantom  can  also  be  used  as  a 
deliberate  slo\v<!own  device.  That  is,  it  - 
provides  **on-air'*  development  of  a  graphic 
that  would  otherwise  have  to  be  shown 
instantly  in  total  form.  A  slowdown  is 
desirable  smce  it  is  entirely  possible  to  present' 
so  much  material  at  one  time  that  the  viewer 
can  neither  absorb  nor  comprehend.  ^ 

Since  the  phantom  is  used  in  th^  studio  on^ 
the  set  and  is  frequently  shown  along  with  the 
narrator,  it  should  be  fairly  large.  A 
convenient  size  is  15  by  20  incljes,  but  it  can 
be  larger  than  this.  Fer  studio  utilization,  the 
phantom  is  placed  in  a  frame.  For  live,  single 
instance  programming,  the  phantom  can  be' 
used  directly  ;  but  in  Repeated  or  recorded 
programming,  it  is  best  to  place  it  behind  a 
sheet  of  nonglare  glass.  This  procedure  is  wise 
in  any  event  because  it  is  possible  to  make  an 
error  in  rehearsal. 

Animation.  '   Special     techniques  of. 
presentation  have  been  developed  to  create  . 
interest  on  tbj^part  of  the  viewer.  One  of 
these,  is  animation.  Since  moving  objects 
attract,  hold,  and  lead  the  eye,  movement  or 
animation  can  be  a  very  useful  tool  in  aiding 
the  learning  process.  Animation  techniques 
range  from  the  simplest  movement,  such  as 
exposing  a  line  of  lettering  to  the  most, 
complex  animatit)n  used  by  the  television  and 
motion   picture*  indUstry.   Full  animation 
techniques  are  complex-  and  require  a  great 
deal  of  time  and   expense.   Since  it  is 
expensive,  it  is  usually  Confined  to  instances  . 
of  absolute  need  for  ideal  portrayal. 

In  16-mni^ motion  pictures  every  second  of 
animation  requires  24  separate  drawings  since 
this  is  the  frame  rate  of  16«mm  fUm.  In 
television  the  frame  rate  is  30  per  second. 


Since  it  is  difficult  and  expensive  to  match 
thfe~qualit7-  of^animation  ^jroduced  by  the 
motion  picture  industry,  in  television  the 
term  **arilmation"  is  generally  understood  to 
meanra  limited  form  of  animation  with  jerky 
motion  and  adrupt  movements. 

Slide  card.  For  limited  budgets,  animation 
techniques  hove  been  devised  that  can  be 
constm$it^  quickly  and  inexpensively.  The 
Jpiptmcmixnati  tiechnique  is  the  slide  card, 
liran-be  u«ed  to  develop  such  things  as  a  line 
on  a  gr!^h,  expose  a  waveshape,  or 
progressively  show  lines  of  lettering.  The  slide 
card  is  basically  composed  of  three  layers. 
The  top  and  bottom  layers  are  stationary,  and 
the  center  layer  is  movable.  Information  to  be 
exposed  is  placed  on  the  bottom  layer  and  is 
covered  by  the  center  movable  layer.  The  top 
layer  has  cutouts  through  which  the 
information  on  the  bottom  layer  is  expoled 
when  the  center  layer  is  removed. 

Pop  in  From  a  practical  viewpoint, 
animation  in  television  is  probably  best 
limited  to  the  step-by-step  development  of 
specific  graphics  by  means  of  the  **pop-in" 
technique.  Using  this  system,  an  illustration 
will  be  shot  in  an  incomplete  form,  up  to  a 
selected  point.  From  this  point  onl  the 
illustration  with  an  addition  will  be  edited  to 
the  previous  segment.  The  use  of  either 
physical  or  electronic  editing  gives  the  viewer 
the  unpression  that  the  additional  item  has 
just  "popped  inl'  to  the  basic  miphic.  This 
system  can  be  used  sugosfuUy  and 
repeatedly— thaf  is,  a  5-  or  6-8egment  graphic 
can  be  built  up  in  steps  by  pop-ins. 

Technamation.  This  is  a  technical  method 
of  limited  animation  that  uses  polarized 
graphic  materials  in  conjunction  with 
polarized  light.  The  graphic  materials  for 
technamation  have  a  pressure  sensitive 
adhesive  backing  and  are  available  in  various 
forms  and  shapes  that  produ'l^e  a  variety  of 
effects.  A  typical  use  of  a  technamation 
graphic  can  be  seen  on  ^ome  news  and 
weather  shows  on  TV.  By  using  the 
appropriate  technamation  material  in  an  area 
where  movement  is  desired,  the  illusion  of 
directional,  circular,  or  concentric  motion  is 
obtained.  In  addition,  a  blinking  effect  is  alsd 
obtainable. 

When  polarized  light  from  some  source' 
strikes  ''a  graphic,  the  light  is  reflected  as 
unpolarized  light  from  all  areas  except  where 
the  technamation  material  is  placed.  Here,  it 
is  reflected  as  polarized  light.  If  this  reflected 
light,  both  polarized  *and  unpolarized,  enters 
the  camem  lens,  there  is  no  effect.  However, 
if  a  transparent  disk  is  slowb^  rotated,  the 
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reflected  (or  transmitted  as  the  case  may  be) 
light  from  the  technamation  material 
selectively  goes  from  matched  polarization  to 
cross  polarization.  At  the  cross  polarization 
position,  no  light  enters  the  camera.  Then 
gradually  as  the  disk  approaches  the  position 
where  polarization  matches,  more  light  enters 
the  lens.  The  net  effect  is  a  blinking  area 
where  the  technamation  materiiQ  is  located. 
There  is  no  blinking  from  the  rest  of  the 
graphic  because  it  did  not  reflect  polarized 

The  Jpchnamatijon  process  can  be  used  with 
considjmble  effectiveness  in  many  instances 
whereaction  is  purely  repetitive.  There  is  no 
long-range  effect.  Whether  the  motion  is  band 
motion,  circle  expansion,  flashing,  etc.,  it  is 
cyclic  according  to  the  rate  at  which  the 
polarizing  disk  is  turned. 

Technamation  material  may  be  lighted 
from  either  the  front  or  the  rear.  In  the  case 
of  rear  lifting,  the  graphic  must  be  cut  in  the 
areas  of  the  technamation  material. 
Depending  .on  the  application,  the  polari^ng 
disk  may  be  placed  over  the  light  source  if  a 
sin^e  source  is  used  or  it  may  be  placed  in 
front  of  the  television  camera  lens.  The 
technamation  principle  may  also  be  sypplied  to 
fade-ins,  fade-outs,  color  changes,  or  other 
effects,  usually  throu^  manual  operation  of 
the  disk. ^ 

Crawls.  Another  animation  technique  is 
accomplished  by  the  use  of  crawl  devices.  A 
crawl   device  can  show  a  great  deal  of 
information    progressively    without  losing 
continuity.  Information  is  made  to^crawl  or 
to  move  either  in  the  horizontal  or  vertical 
direction  across  the  screen.  Vertical  crawls  are 
-  used  far  more  often  than  horizontal  ones. 
^  There  are  a  number  of  devices  used  to 
achieve  crawl  movement.  One  such  device  is 
the  drum  crawl,  which  is  composed  of  a  large 
,  cylinder     approximately     48     inches  in 
circumference   and   mounted   on  'a  rod. 
Information  is  attached  to  the  circumference 
of  the  drum.  As  the  device  is  turned,  the 
information  moves.  On  the  TV  screen  the 
information  comes  intb  view  on  the  bottom 
and  disappears  at  the  top.  Because  of  the 
curvature  of  the  drum  the  copy  represented 
has  the  illusion  of  rolling  in  and  out.  The 
^  center  line  of  copy  is  distinct  while  the  lines 
pif  copy  above  and  below  the  distinct  line  are 
foreshortened  and  slightly  out  of  focus. 

Another  crawfdevice  is  the  roller  crawl.  It 
is  composed  of  two  rollers  separated  by  a 
•  distance  of  approximately  36  inches.  One  end 
of  a  roll  of  paper  is  attached  to  the  top  roller 
and  the  other  end  is  attached  to  the  bottom 


roller.  In  the  upright  position,  the  information 
on  the  paper  moves  from  the  bottom  of  the. 
screen  to  the  top  of  the  screen  and  is  often 
presented  as  a  superimposition  at  the 
beginning  or  end  of  a  program.  When  the 
device  is,  laid  on  its  side,  the  information  can 
be  moved  from  the  right  side  to  the  left  side 
of  the  screen  or  from  th^  left  to  the  right, 
creating  some  interesting  effects. 

Gobo.  A  "gobo"  is  a  graphic  used  in 
conjunction  with  the  crawl  device.  The  gobo 
is  a  two-dimensional  cutout  that  is  part  of  a 
complete  graphic.  It  is  mounted  in  front  of 
the  crawl  device,  and  the  cutout  area  of  the 
gobo  is  registered  with  the  information  on  the 
crawl.  As  the  crawl  information  moves,  it- 
appears  in  the  cutout  window.  A  cartoon 
character  holding  a  picture  frame  and 
information  moving  within  the  frame  is  an 
example  of  a  crawl  and  gobo  combination. 

lUustrating  for  €olor  TV.  As  color  TV 
becomes  more  prominent  and,  monochrome 
TV  gives  way  to  some  extent,  your  job  will  be 
listened  considerably.  One  of  the  greatest 
burdehs  for  monochrome  TV  graphics  is  the 
^  limitation  of  an  absolute  range  of  10  shades 
of  gray  and  a  practical  range  of  4  or  5  shades 
of  gray.  Many  of  the  most  challenging 
problems  can  be  easily  solved  when  you  are 
permitted  to  use  color.  With  color,  however, 
the  use  of  the  phantom  becomes  impractical 
as  a  graphic  form . 


Exercise  (815): 

1.  Match  the  items  in  the  left  column  with  the 
most  appropriate  descriptive  statement  in 
right  column. 


Slide  card. 

 2.  Animation. 

_3.  Studio  card*. 

 4.  Pop  in. 

 5.  Technamation. 

_6.  Rear  projec- 
tion. 

 7.  Phantom. 

8.  Slides. 


a.  Most  uaed  form  of  graph- 
ics media  used  are  tern- 
pera,  retouch  jrays,  *ir' 
bmsh,  grease  pencil,  pencil, 
pen  and  mk.  felt  point 
pens,  and  *pastels  .  .  . 
advantage  of  bting  in  the 
studio  with  the  narrator 
and,  under  the  direct  and 
immediate  control  of  the 
cameraman,  the  floor  rnan- 
ager,  etc. 

b.  Transparencies  normally 
used  are  2-  by  2*inch  slide 
and  by  the  4-  by  5-inch 
cell  .  .  docs  not  clutter  up 
the  studio  set  and  inhibit 
camera  movement  .  .  .  light 
falling  on  the  screen  does 
not  deteriorate  or  wash  out 
the  picture  .  performer 
may*  work  close  to  pro- 
jected picture  With  no 
worry  about  blocking  the 
light  .  .  one  type  uses  no 
screen. 
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c.  Most  versatilt  of  visual  dis- 
play methods  .  .  .  presents 
in  either  positive  or  nega- 

"  "  tive     form  .  .  .original 

^  graphic   can   be  used  di- 

rectly on  camera. 

d.  Principle  is  based  on  color 
values  . .  .  narrator  traces 
over  the  colored  drawing 

-  .  -  -  -  ,.used — ai^  ^^dtUb«rat«  - 
slow-down  device  .  .  ,  used 
on  s«t,  frequently  shown 
along  with  narrator,  should 
be  fairly  large  ...  15  to  20 
inches.  ^ 

e.  One  technique  developed 
to  create  interest  on  part  of 
viewer,  .  .  requires  great 
deal  of  time  and  expense. 

f.  Simplest  animation  tech- 
nique . .  ^  basically  com- 
posed of  three  layers. 

g.  Use  of  either  physical  or 
electronic  editing  gives  the 
viewer  the  impression  that 
additional  item  has  sud- 
denly just  been  added  to 
the  basic  graphic. 

h.  Method  of  limited  anima- 
tion that  uses  polarized  ^ 
graphic  materials  in  con- 
junction \yith  polarized 
light . . .  seen  on  some 
news  and  weather  shows 
on  TV  ...  in  the  cross  po- 
larization position,  no  light 
enters  the  camera  .  .  .  may 
be  lighted  from  either 
front  or  rear  .  .  .  may  be 
applied  to  fade-ins,  hide- 
outs,  color    change^  or 

^  other  effects  througli  nun- 

\  ual  operation  of  th^  disk. 

2-6.  Illustrating  fo?  Overhead 
Projection  Devices 

Illustrating  for  transparencies  and  slides  is 
governed  by  the  same,  or  similar,  standards 
that  govern  the  preparation  of  illustrations  for^ 
television.  Here  are  some  additional  facts  to 
remember. 

If  your  slide  is  to  be  truly  effective,  it  must 
be  visually  fluent.  It  must  convey  your  ideas 
clearly  and  simply.  Simplicity  should  be  your 
watchword  in  malcing  slides.  ° 

Restrict  your  slide  to  one  idea,  avoid 
clutter,  and  don't  try  to  put  too  much  on  one 
slide  for  it  will  otily  ^  tend  to  confuse  the 
viewers.  Make  '  sure  that  the  artwork  is 
functional  and  not  ornate.  Remember  that 
the  purpose  of  a  slide  is  to  inform  and  not  to 
dazzle  or  impress  the  audience. 

Don't  attack  the  task  of  preparing  slides  in 
a  helterskelter  fashion.  Plan  for  the  job.  Do 
your  layout  on  a  piece  of  paper  first;  this  will 
save  you  time  and  material.  Check  it  fdr 


balance,  clarity,  and  simplicity.  Ask  yoursehf, 
**Will  it  achieve  my  objective?'* 


816.  Name  the  materials  used  to  make  slides; 
explain  why  photographic  slicfes  are  the  most 
popular. 


Glass  Slides.  Some  of  the  many  types  of 
glass  slides,  the  materials  used,  and  the 
methods  of  preparing  them  are'  discussed 
briefly  in  the  following  paragraphs. 

Clear  glass  slides^  The  following  procedure 
is  recommended  for  preparing  a  clear  ^ass 
slide.  First,  determine  exactly  what  you  want 
on  the  slide.  Gather  all  the  materials  you  will 
need.  Then  work  out  your  design  or  lettering 
on  a  piece  of  paper.  Make  sure  that  the 
dimensions  of  your  basic  layout  will  fit  the 
glass  slide.  Your  next  step  is  to  tape  the  slide 
to  the  paper  and  trsece  your  design  or  lettering 
on  the  glass.  The'  specific  type  of  writing 
implement  that  you  use  for  the  tracking  job 
will  vary  with  the  type  of  slide  being  made. 

Enamel  spray  slides.  Only  Ipdia  and 
transparent  colored  inks  may  ^  be  used  on 
enamel  spray  slides.  Line  definition  is 
excellent,  and  it  is  easy  to  prepare.  This  slide 
is  made  ready  for  use  by  spraying  a  light  film 
of  clear  enamel  on  the  glass.  Make  sure  that 
the  coating  of  enamel  is  li^t  and  even  or 
there  may  be  distortion  when  the  slide  is 
projected.  The  enamel  comes  packaged  in  an 
aerosol-type  container  and  can  be  obtained 
through  normal  supply  channels  or  purchases 
locally  at  almost  any  paint  store.  Letter  or 
draw  the  desired  information  on  the  glass  and 
your  slide  is  ready  to  use. 

Etched  glass  slides.  These  slides  are  also 
known  as  frosted  glass  slides.  The  ^ass  is 
treated  with  acid  that  gives  it  a  frosted 
appearance.  In  addition,  the  surface  of  the 
glass  becomes  somewhat,  roughened,  which 
permits  a  wide  latitude  in  the  choice  of 
drawing  implements.  *  You  can  use  lead 
pencils,  colored  inks,  and  colored  pencils  on 
these  slides.  Take  particular  care  when  tracing 
your  design  on  the  etched^^ass.  Erasures  and 
corrections  should  be  avoided  because  they 
will  show  up  as  smudges  when  projected. 
When  you  have  finished  your  slide,  apply  a 
light  coat  of  plastic  spray  to  it.  This  will 
prevent  smudging.  In  addition,  the  slide  will 
become  clear  and  the  frosted  effect  will  be 
removed,  resulting  in  better  projection 
qualities. 

Sandwich  slides.  As  (he  name  implies,  this 
type  of  slide  is  a  sandwich,  consisting  of  two 
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..pieces  of  ^ass  with  some  kind  of  transparent 
material  between  them.  Any  transparent 
material  can  be  used,  such  as  acetate,  disLzo 
foil,  or  positive  film. 

Cut  your  transparent  material  to  .fit  the 
— gtessrNow-  you  can-draw-on  the- material  or 
even  type  on  it,  but  you  must  use  a  carbon 
sheet  with  it  When  typing,  place  the 
transparent  material  between  two  pieces  of 
carbon  paper  with  the  carbon  sides  facing  the 
material*  Insert  the  material  and  carbons  into 
the  typewriter  and  set  the  machine  for  stencil 
WQrk.  Type  throui^i  the  carbon.  This  will 
produce  lettering  on  both  sides  of  the 
transparent  material,  resulting  in  a  better 
projected  image.  Remove  the  transparency 
from  the  typewriter  and  bind  it  between  two 
pieces  of  glass.  To  bind  the  slide,  you  place 
the  transparency  between  two  pieces  of  glass, 
making  sure  that  the  mess^e  is  properly 
centered.  Then  unroll  sufficient  transparent 
tape  to  go  around  the  perimeter  of  the  slide, 
and  starting  at  the  point  farthest  from  the  roll 
of  ti^>e,\liice  the  edge  of  your  sandwich  in 
the  center  of  the  tape.  Press  the  overlapping 
tape  down  onto  the  sides  of  the  ^aas.  Then 
roll  the  slide  on  its  comer,  along  the  t£^e,  and 
press  down  the  overleaping  tape  once  again. 
Repeat  the  process  until  the  four  sides  of  the 
slide  tret'  tapeid.  Cut  the  tape  and  press  the 
remaining  tape  into  place.  If  Polaroid  frames 
axe  available,  they  are  easier  and  faster  to 
mount,  more  economical,  and  may  be  used 
over  and  over.  However,  for  permanent  slides, 
glass  mounting  is  better,  since  Polaroid  frames 
provide  no  surface  protection.  — 

Photographic  Slides.  There  are  several  good 
reasons  that  make  photographic  slides  the 
most  popular  type  of  slide.  They  can  be  made 
in  any  size  to  fit  any  projector.  They  provide 
excellent  definition  of  detail.  You  don't  have 
to  worry  about  smudging  the  picture  as  you^ 
do  Willi  enamel  spray  slides*  You  do, 
however,  have  to  plan  yotxr  production  well  in 
advance.  It  often  takes  considerable  time  to 
get  your  slides  back  from  the  photo  lab*  The 
period  involved  will  usually  vary  according  to 
your  priority  and  the  worldoad  of  the  lab. 

Acetate  Slides.  There  are  several  types  of 
acetate  slides*  These  include  the  clear  acetate 
dide,  carbon  slide,  and  etched  acetate  slide. 

Clear  acetate  slides.  This  is  the  simplest 
form  of  the  acetate  fiunily.  It  is  a  clear, 
transparent  piece  of  plastic.  You  can  write  on 
it  with  a  grease  pencil,  India  ink,  or  a 
felt-tipped  pen.  Grease  pencil,  regardless  of 
cotor,  shows  black  on  your  projected  image 
because  the  mark  is  opaque. 

In  constructing  the  clear  acetate  slide,  you 
follow  the  same  procedtires  as  those  outlined 


under  glass  slides.  Plan  your  layout,  put  it  on 
paper  and  then  trace  it  on  the  acetate.  You 
can  also  type  on  the  cle$ir  gcetate  if  you  use 
pencil  carbon  or  ditto  carbon  in  the  same  wa'y 
as  previously  discussed. 

When  making  ^lides^  be  5ure  you  keep  the 
acetate  clean.  If  oil  from  your  hands  or  any 
kind  of  grease  gets  on  the  acetate,  the  grease 
pencil  wUl  skip  when  you  write.  Inks  will  not 
stick  to  the  acetate  if  the  acetate  is  greasy. 
You  can  remove  the  oil  and  grease  with 
lighter  fluid  or  other  cleaning  fluid.  Mistakes 
can  be  erased  with  a  clean  cloth.  The  grease 
pencil  and  ink  will  rub  off  quite  easily.  To 
make  permanent  slides  when  using  grease 
pencil  and  ink,  protect  them  by  placing 
another  piece  of  clear  acetate  on  top  of  your 
slide  and  taping  it  firmly  in  place. 

Carbon  slides.  A  carbon  slide  consists  of  a 
light  sheet  of  acetate  coated  with  a  black 
carbon  baJdng.  It  is  a  commercially  prepared 
product  to  be  used  with  the  overhead 
projector.  It  provides  the  same  flexibility  as 
the  clear  acetate  slide.  You  can  type  on  a 
carbon  slide  or  use  an  ordinary  lead  pencil  to 
write  on  a  carbon  slide.  The  projected  image 
appears  as  a  white  line  on  a  black  background. 
This  occurs  because  the  carbon  is  scraped 
away  from  the  acetate  as  you  write.  The 
result  is  a  very  vivid  and  dramatic  effect. 

Etched  acetate  slides.  This  type  of  slide 
possess  all  the  properties  of  etched  glass 
slides.  The  only  difference,  as  compared  to 
glass,  is  that  you  can  type  on  the  frosted 
acetate. 


Exercises  (816): 

^1,  Natne  the  three  materials  used  in  making 
slides. 


2.  Why  are  photographic  slides  most  popular? 


817,  List  two  advantages  of  diazo 
transparencies,  restate  the  steps  for  preparing 
multicolored  projectual,  and  tell  what 
resource  to  use  when  calculating  minimtim 
letter  height 


Diazo  Transparencies,  The  diazo  process  is 
a  method  of  reproducing  copy  material  on 
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acetate  foil.  To  make  a  projectual 
transparency  using  this  process,  you  must  first 
put  your  basic  drawing  on  translucent  paper, 
such  as  tracing  paper.  Drawings  should  be 
prepared  with  black  drawing  ink  or  a  dark, 
soft  pencil.  You  can  also  type  on  the  paper, 
using  carbon  paper  so  ^  that  the  type  will 
-  -register  oTrboth^side5:jof-thetracingTJaperr'^ — 

Since  the  size  of  your  basic  artwork  is  quite 
large,  7V4  inches  by  10  inches,  it  ?s  easier  to 
work  with  than  smaller  slide  drawings.  You 
can  get  more  detail  on  the  drawing  and  you 
can  work  with  bolder  stroke.  Another 
advantage  in  making  diazo  transparencies  is 
that  you  can  literally  cut  out  mistakes.  If  you 
make  a  mistake  on  the  tracing  paper,  you  can 
simply  cut  out  the  incorrect  path  and  tape  a 
new  section  in  its  place. 

After  yotlr  basic  artwork  is  finished,  your 
job  is  practically  done.  You  merely  have  to 
place  your  master  on  top  of  a  piece  of 
sensitized  foU  and  run  it  through  the  diazo 
dry  developer  machine.  The  diazo  machine 
exposes  the  master  and  foil  to  ultniviolet  light 
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and  then  bathes  the  foil  in  ammonia  fumes. 
The  developing  process  is  all  done 
automatically.  Lackhig  a  machine,  you  can 
.achieve  the  same  result  with  a  sunlamp  and  an 
ammonia  vapor  bath,  using  a  gallon  jar  with  a' 
~  sponge  saturated  with  ammonia  in  the  bottom 
and  covered  with  a  grid  to  keep  the  foil  from 
— contacting-the  ammonia.   — 

The  same  diazo  process  is  adaptable  to  the 
production  of  color  slides.  By  producing 
separate  slides  of  appropriate  colors  and 
assembling  them  in  an  overlay,  you  can  create 
a  full  color  transparency. 

To  keep  the  diazo  trahsparencies  from 
warping,  you  should  mount  tiiem  in  frames. 
Commercially  prepared  frames  are  available  or 
you  can  make  them  very  easily  out  of  manila 
folders  or  heavier  cardboard.  If  your 
transparencies  are  on -8-  by  10-inch  foil,  you 
should  cut  a  7V4-  by  9y4-inch  opening  in  the 
cardboard.  This  will  permit  the  foil  to  extend 
beyond  the  edges  of  the  frame  opening.  Then 
use  ^masking  tape  to  secure  the  foil  to  the 
fiBBune.  Do  not  use  staples  as  they  can  cause 


Figure  2-24.  Static  projectual. 
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damage  to  the  projectual  transparency  during 
handling  and  filing.  Trim  the  frame  so  that 
the  slides  will  fit  in  a  standard  filing  cabinet 
but  leave  at  least  a  l*inch  margin  all  the  way 
around  the  projectual  to  provide  a  desired 
rigidity.  This_  Jype_Ql4»ojectual_  is jhown  at 
the  upper  portion  of  figure  2-24,  and  is 
sometimes  called  a  static  projectual. 

When   a   single   graphic   unit    is  too 
complicated  to  be  represented  by  a  single 
projectual,  it  can  be  broken  dov^n  into 
simplier  components  by  means  of  the  overlay 
technique.  You  process  each  overiay  sheet 
separately,     startiag     with     the  basic 
transparency.  Then  tape  the  mount-of  the 
first  ovejday  to  the  basic  mount  to  that  it  is 
hinged  on  one  side  and  can  be  folded  back 
away  from  the  basic  or  will  lay  directly  on 
top  of  the  basic.  Continue  the  process  until  all 
overlays  are  in  place.  If  the  sequence  with 
which  the  total  graphic  unit  is  built  up  is 
always  the  same,  the  overlays  should  be 
hinged  on  the  same  side  of  the  basic  mount.  If 
the  sequence  varies,  then  you  must  hinge 
them  at  different  sides,  top  or  bottom  of  the 
basic  projectual  as  shown  in  the  lower  portion 
of  figure  2-24.'  This  type  of  projectual  is 
sometimes  called  a  dynamic  projectual. 

Oae  of  the  mostsi^iportant  factors  to 
consider  "when  combining  two  or  more 
transparencies  to  form  a  single  projectual  is 
registration.  All  of  the  transparencies  must  be 
perfectly  aligned.  This  alignment  must  be 
obtained  in  the  artwork  as  well  as  in  the 
finishedT>roductrFor^his  reason  you  wiQ  find 
that  using  a  commercial  process  such  as  the 
Technifax  Slidemaster  System  will  give  better 
results.  Let's  see  how  this  system  works. 

The  Technifax  Slidemaster  System  is  an 
integrated  process  for  the  production  of 
Diazochrome  (a  product  of  the  Technifax 
Corporation)  multicolored  projectuals.  It  is 
based  on  a  mechanical  registration  system, 
adapted  from  the  pin  registration  technique 
used  in  the  animated  'motion-picture  cartoon 
industry.  This  system  utilizes  three  pins, 
machined  and  aligned  to  a  tolerance  of  .001 
inch.  All  masters  and  sensitized  materials  are 
punc^ied  as  follows:  the  center  hole  is  round 
(  inch);  the  end  holes  are  elongated  {  Va 
inch  by  inch),  and  are  equidistant  from 
the  center  hole  (1  %  inch). 

When  the  punched  material  is  mounted  on 
the  pins,  the  elongated  shape  of  the  holes 
permits  distortions  to  be  distributed  toward 
the  edges  of  the  projectual  where  they  are-less 
critical.  You  may  punch  your  own  materials 
with  the  Technipunch  .  (another  Technifax 
product)^  or  you-  may  purchase  prepunched 


tracing  paper,  Diazochromes,  Texray,  and 
other  diazo  materials  employed  in  projectual 
making. 

Two  basic  pieces  of  equipment  are  used  in 
the  Slidemaster  System:  an  exposure  unit 
(Proto-Printer)  and  „a„developing  unit  (Pickle 
Jar  Developer  or  Proto-Coupler).  You  use  the 
system  in  the  following  manner: 

<L  Punch  the  original,  or  master. 

6.  Punch  as  many  sheets  of  tracing  paper, 
or  Texray  (a  translucent  diazo  paper  that 
yields  a  honreproducible  blue  image  of  the 
original,  which  serves  as  a  guide  for  opaquing 
and  '  tracing)  as  are  required  for 
color-separation  masters.  If  Texray  is  used, 
several  prints  are  reproduced  from  the 
original,  using  the  exposure  unit  and  the 
developing  unit. 

c.  For  each  section  of  the  original  to  be 
reproduced  in  any  given  color,  superimpose  a 
piece  of  tracing  paper  over  the  original  by 
placing  it  over  the  pins  of  the  Tecniboard  (a 
component  of  the  Proto-Printer).  The  pins 
hold  the  original  and  tracing  in  perfect 
re^stration.  You  can  use  a  Texray  print  in 
place  of  the  tracing  paper. 

d.  Punch  each  sheet  of  Diazochrome. 
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e.  ^Mount  a  sheet  of  Diazochrome  on  the 
pins  of  the  Tecniboard,  superimpose  the 
appropnate  color-separation  master  (opaqu^d 
Texray  or  tracing),  and  place  the  assembly  in 
the  exposure  unit.  After  the  exposure; 
develop  the  Diazochrome  in  the  developing 
unit.  Repeat  this  procedure  until  you  have  the 
required  number  oiDiazochrome-prmts. ,    ,  . 

f.  Register  and  assemble  each  projectual 
Diazochrome  over  a  Tecnifax  projectual 
mount  by  placing  both  mount  and 
Diazochrome  over  the  pin,s  of  the  Tecniboard. 
Registration  is  automatic.  Affix  the  elements 
of  a  projectual  to  the  mount  with 
pressure-sensitive  tape.  If  the  projectual 
consists  of  hinged  overlays,  attach  three 
Techinges  to  each  fiJp  overlay,  and  then 
staple  each  series  ^  Techinges  to  the 
projectual  mount. 

Determining  Minimum  Lettering  Height  for 
Overhead  Projectuals.  The  minimum  height 
that  you  can  use  for  lettering  on  overhead 
projectuals  depends  on  the  distance  of 
projection  and  the  distance  between  the 
screen  and  farthest  viewer.  Calculating  this 
minimum  height  is  a  complex  mathematical 
operation.  You  have  to  consider  such  factors 
as  20/20  vision  and  how  much  the  projected" 
image  will  be  enlarged.  Therefore,  the 
operating  instructions  of  most  projectors 
include  charts  such  as  the  one  shown  in  figure 
2-25  that  does  the  calculating  for  you.  All 
you  \ieed  to  use  the  chart  is  is  a  straightedge. 
Let's  see  hbw  the  chart  works. 

To  design  the  lettering  on  a  projectual  you 
must    know    the    distance    between  the 


projector  and  the  screen  and  the  distance 
between  the  screen  and  the  farthest  viewer. 
Let  us  suppose  t4iat  these  distances  are  14-feet 
and  50  feet  respectively.  To  find  the  correct 
height,  you  align  your  straightedge  on  point 
14  on  the  left  scale  and  on  point  50  on  the 
center  scale.  The  straightedge  will  then 
intersect  the  scale  on  the  right  between  the 
point  XI  and  point  .14,  and  as  you  can  see  if 
intersects  the  scale  closer  to  point  .12  than 
.14.  Notice  that  the  right  scale  is  also  marked 
off  in  fractions  of  an  inch  and  that  our  point 
of  intersection  is  marked  %  .  This  1%  inch 
is  the  minimum  height  that  lettering  on  the 
projectual  should  be.  Now,  you  try  one,  using 
30  feet  for  the  projection  distance  and  60  feet 
for  the  distance  of  the  farthest  viewer.  If  you 
got  1/16.  inch  for  the  minimum  lettering 
height,  you've  got  the  idea.  If  you  didn't,  try 
it  again. 


\ 


Exercises  ^17): 

1.  What    are  two 
transparencies? 


advantages 


of  dia20 


2^hat  are  the  basic  steps  used  in  making  a 
diazo  multicolored,  single-unit  projectual? 


3.  To  what  do  you  refer  to  calculate  the 
minimum  height  of  lettering  to  be  used  on 
overhead  projectual? 
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trrAPTER  3 


Reproduction  Methods  and  Processes 


WHEN  THE  ORIGINAL  Ulustration  is  to  aid 
communication,  the  illustration  may  be 
produced  in  any  medium  and  with  any 
technique  that  is  effective  for  the 
presentation.  For  example,  if  a  chart  is  to  be 
used  by  a  commander  to  present  information 
to  his  staff,  it  can  be  produced  in  the  most 
suitable  medium  and  by  the  techniques  that 
effect  the  desired  results.  Since  there  are  few 
restrictions  on  the  media  and  techniques  that 
may  be  used,  there  is  a  large  selection  from 
which  to  choose  the  appropriate  media  and 
-  techniques  for  the  occasion. 

When  more  than  one  copy  of  the  ^ 
illustration  is  required,  the  method  of 
reproducing  the  needed  copies  must  also  be 
considered  in  selecting  the  media  and 
technique  used  to  produce  the  original 
illustration.  The  method  and  process  of 
reproduction  may  limit  the  numb^of  media 
and  techniques  that  can  be  used  to  produce 
the  original  illustration.  Therefore,  you  must 
know  something  about  the  various  methods 
and  processes  of  reproduction  to  be  able  to 
select  the  most  appropriate  medium  and 
technique  for  any  illustration  that  must  be 
reproduced.  The  information  on  printing 
processes  and  on  the  most  important  methods 
of  reproduction  presented  in  this  chapter 
should  give  you  this  basic  knowledge. 


3-1.  Printing  Processes 

The  art  of  printing  is  based  on  a  very 
simple  principle.  If  you  ink  the  tip  of  your 
finger,  and  then  press  it  on  a  piece  of  white 
paper,  you  will  inake  a  fmgerprint--a  printed 
image  of  the  pattern  of  lines  on  your  finger. 
Printing  ojg^  be  that  simple  or  it  can  be  as 
complex  as  producing  hundred^  of  copies  of  a 
multipage  technical  order;  of  coune,  printing 
is  usually  somewhere  between  these  extremes. 

But^  simple  or  complex,  there  must  always 
be  something  to  print  from,  something  to 
serve  as  a  pattern  of  the  thing  to  be  printed. 


You  cannot  make  a  fingerprint  without  a 
fingertip,  nor  can  anything  else  be  printed 
with  printer*s  ink  on  paper  unless  there  are 
forms  of  type,  engraved  plates,  blocks, 
cyhnders,  or  something  to  print  from. 

Typesetting,  engraving,  and  platemaking 
are  not  mechanical  in  the  same  sense  that 
printing  is.  They  are  processes  and  methods 
for  creating  printing  patterns  that  can  be  used 
by  the  printing  presses  to  reproduce  words, 
designs,  or  pictures  in  small  or  larg? 
quantities.  They  are  extremely  flexible  and 
versatile,  for  they  make  it  possible  to  put  in 
print  any  combination  of  words,  characters, 
and  figures  in  any  language;  or  to  reproduce 
any  design,  picture,  or  other  graphic  form  in 
either  black  and  white  or  in  color. 

There  are  three  basic  methods  of  printing, 
and  each  -has  its  own  peculiar  requirements  as 
to  the  way  its  printing  plate^  are  made.  These 
three  printing  methods  are  letterpress, 
gravure,  and  lithography. 

818.  Given  a  list  of  printing  methods,  matoh 
the  typ^  and  calculate  the  average  word 
count— given  necessary  requirements* 

Letterpress  Process.  Letterpress  printing  is 
accomplished  from  relief  printing  surfaces.  A 
relief  printing  surface  is  like  the  lines  on  the 
fingertip,  like  a  rubber  stamp,  or  like  type  as 
shown  in  figure  3-1. 

When  a  printing  surface  is  in  relief,  the 
spaces  between  the  printing  elements  are 
lower  and  consequently  do  not  print  (even 
though  they  may  have  ink  in  them)  because 
they  do  not  come  in  contact  with  the  paper. 

There  are  numerous  methods  for  lowering 
the  nonprinting  areas  of  relief  printing  plates. 
The  principles  mos^generally  used  are  either 
to  cut  or  engrave  them  by  hand  or  machine  or 
to.eteh  them  with  acid.  Each  method  is  a 
form  of  engraving. 

When  photography  is  employed  to  affix  the 
image  to  the  surface  of  a  sheet  or  metal 
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Figure  34.  Relief  pnnting. 

preparatory  to  etching,  thes.  process  of 
platemaking  is  called  photoengraving.  This  is 
the  process  that  makes  reproduction  possible. 
Photography  copies  the  subjects  to  be 
reproduced  with  accuracy  to  any  desired  size, 

A  special  photographic  printing  method 
applies  the  image  to  the  surface  of  the  metal 
plate  to  be  etched.  When  this  print  is 
complete,  it  is  an  acidproof  protective 
covering  on  all  printixag  areas  of  the  image.  All 
of  the  nonprinting  areas,  such  as  the  spaces 
between  lines,  dots,  or  other  eteruents  of  the 
image,  are  left  with  no  protective  covering. 
Consequently,  the  etching  acid  bites  into  the 
unprotected  areas  and  gives  them  enou^ 
depth  to  prevent  contact  with  the  paper  when 
the  higher  areas  are  inked  and  printed. 

Type,^  One  of  the  important  aspects  of 
letterpress  printing  is  its  use  of  type.  Printers' 
type  is  an  assortment  of  ipieces  of  metal  of 
various  *8izes  on  which  separate  letters  or 
characters  are  cast.  These  pieces  of  type  are 
arranged  by  the  compositor  to  make  up  the 
words  and  sentences  he  wishes  to. print. 

Originally,  each  piece  of  type  had  to  be 
picked  up  and  set  into  place  by  hand.  Now 
machines  do  most  of  this  work.  The  old  hand 
method  of  setting  type  is  employed  largely  in 
advertising  where  a  great  deal  of  detail  and 
large  type  sizes  are  Used. 

Early  -printers  found  it  difficult  to  apply 
the  common  measuring  devices  to  type  and 
spacing  material  and  developed  their  own 
system  of  linear  measurements  known  as  the 
point  system.  Since  this  system  is  still  used, 
you  should  know  a  little  bit  about  it  so  that 
you  can  when  necessary  request  the 
appropriate  type  size. 

In  the  point  system  of  measuring  type,  the 
unit  of  measurement  is  the  pdint,  which  is 
0,013837  inch  or  sli^^y  less  than  1/72  inch. 
Thus,  in  6-point  type,  the  body  of  the  type  is 
6/72  inch  or  1/12  inch  in  height. 
Twelve-point  type  is  12/72  inch  and  can  be 


set  6  lines  to  the  inch.  The  actual  printing 
face  of  the  type  is  always  slightly  less  than  the 
~5urfiRre^ot'th(£rbody ,  which~  allovra  for  a  smalT 
clearance  between  lines. 

The  em  and  en  are  common  terms  in 
measuring  tsrpe.  It  so  happens  that  the  type 
letter  **m"  is  used  as  a  unit  of  surface 
measurement  in  type.  It  is  a  square  of  the 
body  of  type.  For  example,  an  em  in  72-point 
type  is  1  inch  square.  An  em  in  12-point  type 
is  t2  points  in  width  and  12  points  in  height. 
An  en  is  half  as  wide  as  an  em. 

One  of  the  principle  type  calculations  that 
an-  illustrator  is  called  upon  to  make  is  to 
determine  how  stmch  copy,  set  in  a  given  size 
type,  will  go  into*  a  given  space.  Or  stated  in 
reverse,  what  size  of  type  can  be  used  to  set  a 
given  amount  of  copy  in  a  given  space.  The 
following  table  gives  the  approximate  number 
of  words  that  can  be  set  in  a  square  inch 
according  to  type  size: 

Type  Size       Set  Solid        l-Point  Leaded 


5H 

6 

8 
10 
12 
14 
18 


57 
47 
32 
21 
14 
10 
7 


42 
34 
23 
16 
11 
8 
6 


Line  cut  In  early  printing,  the  plate  usedi 
for  printing  in  the  letterpress  was  made  by 
hand.  In  this  process,  the  illustration  to  be 
printed  is  redrawn  in  reverse  or  traced  onto  a 
block  of  wood  and  the  surface  of  the  block 
not  to  be  printed  is  cut  away;  this  operation 
I^ves  the  printing  surface  in  relief.  Today, 
this  process  is  done  by  photoengraving. 

Line  cuts  are  the  simplest  and  least  - 
expensive  method  of  maldng  plates  by 
photoengraving.  The  subject  io  be  reproduced 
by  line  etching  must  consist  of  black  and 
white  only.  Pen  and  ink  sketches,  printed 
words,  or  any  subject  made  up  of  solid  lines 
or  masses  can  be  reproduce  by  this  process. 
Shadows  and  shades  will  not  show  up  in  a  line 
etching;  therefore,  portraits,  photographs,  or 
any  illustration  that  contains  grays  cannot  be 
reproduced  by  this  method. 

The  subject  or  drawing  is  first 
•photographed.  Then  a  negative  is  developed, 
fixed,  and  dried.  The  printing  plate  is  exposed 
to  li^t  through  the  negative,  develop^, 
fixed,  and  washed  in  the  same  manner  ai  the 
photographic  print.  The  plate  is  then  brushed^, 
with  dragon's  blood,  a  resinous  powder  that 
adheres  only  to  the  printed  parts  of  the  plate. 
The  image  is  burnt  in  by  heating  the  plate. 
Next  the^  plate  is  placed  in  a  bath  of  weak 
nitric  acid  that  acts  on  the  unprotected 
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.  portion  of  Jthe  plate,,  biting  into  itandJeaving. 
only  the  black  portion  of  the  original  in  relief. 

Halftone. .  Making  halftones  is  the  same  as 
making  line  cuts,  with  the  exception  that  the 
negative  is  made  through  a  screen.  The? 
halftone  reproduces  shades  of  gray  as  well  as 
the  white  v  and  black  portions  of  an 
illustration.  Therefore,  photographs, 
paintings,  and  most  drawings  and  designs  can 
be  reprodu^.by  this  process. 

The, half  tone  screen  is  the  key  to  the  entire 
process.  It  is  made  of  two  pieces  of  plate  glass 
bearing  engraved  parallel  lines.  These  lines  are 
i5Iled  with  black  pigment,  and  the  plates  are 
cemented  together  with  the  sets  of  lines  at 
right  an^es  so  that  they  form  a  pattern  of 
squares.  Screens  are  made  in  various  degrees 
of  fineness.  A  60-line  screen  has  60  parallel 
lines  to  the  inch  in  each  direction. 

The  negative  for  halftone  vhrk  is  produced 
in  the  same  manner  as  thd  negative  for  a  line 
cut,  except  that  the  image  is  photographed 
throu^  the  screen  that  is  placed  in  the 
camera  just  in  front  of  the  plate.  The  light 
from  the  image  passes  through  the  squares  in 
the  screen  to  the  sensitized  plate,  resulting  in 
the'  image  on  the  finished  negative  being 
broken  up  into  many  graduations  of  fine  and 
heavy  dots. 

The  negative  must  be  stripped  before 
making  the  print.  After  coating  the  film  to 
give  it  strength,  the  film  is  stripped  off  the 
celluloid  or  glass  base  and  is  placed  on  a  piece 
of  clear  plate  glass.  The  film  is  laid  over  a 
highly  polished  plate  of  copper  that  is  covered 
with  a  sensitized  solution.  When  the  plate  is 
exposed  to  a  strong  light,  the  ^nsitive 
'  chemical  solution  under  the  spaces^between 
the  dots  becomes  hard,  while  the  area  under 
the  dots  washes  off,  exposing  the' bare  metal. 

The  process  of  etehing  the  halftone  plat^  is 
somewhat  different  from  that  ocX^hing  a 
,line  cut.  The  image  is  first  burned  foTfie 
plate.  Then  the  border,  edges,  back  of  the 
plate,  and  the  parts  that  are  to  print  solid 
black  are  covered  with  a  protec,^ve  acid 
resistant.  The  plate  .is  then  placed  in  a 
chloride  oi  iron  bath.  During  the  bath,  the 
acid  dissolves  out  the  meta\  between  the  dots 
^  ahd  lines  of  the  print  on  the  plate.  The  first 
bite  etches  only  slightly  to  bring  out  the 
shadows.  The  plate  is  then  .taken  from  the 
^  bath,  the  acid  washed  off,  and  the  etching 
continued  by  applying  acid  ^with  a  bru^h  on 
different  parts  of  the  plate  to  bring  out  the 
contfast.  Each  etch  serves  to  lighten  the  part 
where  it  is  applied.  The  .plate  is  again  placed 
in  the  acid  bath  for  final  etching  to  the 
desired,  depth.  The  plate  is  then  remove^, 
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Ld  _i!iinjned.  After  the  plat^  has 


d,  cleaned,  and  tQU,<^ed  up,  it  is 
tinjg. 

ocess.  The  second  printing 
method  is  iJientified  by  the  general  term 
**gravure."  Technically,  gravure  is  an  intaglio 
process.  The  printing  elements  are  'all  below 
the  plate  surface,  as  sho^  in  ft^re  3-2, 
having  been  cut,  scratched,  engiwed,  or 
etehed  into  thd  metal.  Thus,  they  form 
ink-retaining  grooves  or  cups.  Surplus  ink  on 
the  surface  must  bne  wiped  or  scraped  off  after 
each  inking  ana  before  each  printing 
impression.  Wiping^  or  scraping  to  remove 
surface  ink  to  establish  the  necessary 
nonprinting  areas  leaves  a*  proper  amount  of 
ink  in  the  grooves  ana  cups  of  the  low  areas. 
Printing  is  done  with  considerable  pressure 
that  forces  the  paper  mto  the  recesses  of  the 
plate.  When  the  paper  comes  out  of  these 
recesses,  it  brings  the  p^rinted  ink  impression 
along  with  it. 

Lithographic  Process.  VLithography"  is  the 
term  most  generally  used  to  designate  ~the 
third  method  of  printing.  The  term  is  an 
inheri£ance  from  the  early  days  when  aU 
lyiiography  was  done  from  flat  stone  slabs. 
The  \^ord  "lithos"  means \stone.  In  modem 
practice,  thin  metal  sheets  \fire  nearly  always 
used. 

'  The*,  lithographic  proceS^s  Utilizes,  the  ^ 
principle  that  grease  and  Water  have  no  * 
affinity  for  each  other.  In  lithographic  ♦ 
platemaking,  the  image  eventually  to  -  he 
printed  is  affixed  to  the  surface  .of  the  thin 
metal  plate  in  the  form  of  a  thin  film  o'f 
greasy  ink.  In.  otl\er  •  words!  all  printing 
elements  ha^e  a  greasy  surface.  The  spaces 
between  are  dampened  with  water.  The  ink 
used  in  this  process  is  also  sqpiewhat  greasy. 
When  ^the  ink  is  'applied  to  "the  finished 
I>rinting  form,  it  sticks  to  the  grease  image  but 
i^  rejie^cted  by  the  water.  \ 

The  nonprinting  areas  of  a  lithographic 
plate  have  no  ink  on  them  {because  they  have 
been  dampened  with  water  and  consequently 
refuse  to  accept  ink).  The  water  on  the  plate, 
as  well  as  the  ink,  must  be  repleAlshed  after 
each  ~  impression.  Lithographicl  presses 
therefore  have  ^two  sets  oi  rollers,  one  for  the 
ink  and  the  other  for  water.  1  . 

The  grea;?e  image  on  the  printing  plates  can 
be  hand  drawn,  applied  photographically,  or 
made  by^  transfers  from  a  '  master! plate  or 
stone.  Y 
*  When  lithographic  stones  are  used,  the 
process  is  true  lithography.  If  metal  plates  are. 
used,  ^  the  process  technically  becomes 
plan6grat)hy.  HoSvever,  ^  the  original 
descriptive,  **lithography,"  stiU  persisti. 
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Figure  3-2.  Intaglio  printing. 


Most  modem  lithography  is  done  by  the 
offset  process.  A' simple  illustration  of  the 
process  is  shoVrn  m  figure  3*3.  The  original 
thin  metal  plate  is  wrapped  around  a  plate 
cylinder  on  '  the  press,  and  the  printed 
impression  from  this  plate  is  transferred  onto 
a  rubber  blanket  wrapped  around  another 
cylinder  (offset  roller).  This  blanket,  .in  turn, 
makes  contact  with  the  paper,  and  the  ink 
ipiage  on  the  rubber  offsets  onto  the  paper. 

Exercises  (818): 

1.  Mfi^tch  the  methods  of  printing  with  the 
basic  type  of  printing. 

,  1.  Lctterpmt.  t.  Relief. 

 Z'Gnmre.  b.  Gothic.  » 

 3.  Lithography.  c.  Intaglio. 

d.  Roman. 

e.  Planography. 

2.  Using  8-iXQmt^type  set  solid,  the  average 
jiumber  oi^wds  .that  can  be  printed  in  a 
space  2  by  3  inches  is  . 

3-2.  Silk  Screen  Printing 

There  are  many  useful  printing  processes  j 
that     incorporate     certain     features     of  • 
letterprens,   gravure,  and   lithography,  yet  . 
differ  from  these  three  basic  processes.  One  of 
these  you  are  likely  to  use  in  your  job  as  an 
illustrator  is  the  silk  screen  process.  This 
process.^ can  Be  used  for  printing  on  surfaces 
that  ar^  difficult  to  print  on  by  any  other 
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method.  Printing  can  be  applied  to  fabrics; 
posters,  glass,  china,  wood,  cork,  fe^.,  metals, 
Qjid  cellophane,  as  well  as  many  other 
materials."" 

-The  silk-screen-process -is  a  stencil  process. 
Three  types  of  stencils  are  used— hand-cut 
stencils  made  from  special  film  or  lacquered 
paper,  stencils  prepared  with  brush  and 
shellac  called  tusche,  and  stencils  prepared  by 
the  photographic  process  on  a  sensitized  silk 
screen. 


819.  Gh^en  a  list  of  terms  and  procedure 
relating  to  silk  screening*  match  the  terms 
with  the  appropriate  statement. 


Materials,  The  materials  needed  to 
reproduce  a  design  by  the  silk  screen  process 
are  listed  below: 

•  Medium  mesh  silk  (48  meshes  per  lineal 

•  Adhering  liquid. 

•  Stencil  material  (Profilm,  Nu-film). 

•  Stencil  knife. 

•  Screen  process  paint. 
Reducing  varnish. 

•  Squeegee, 

•  Paper  masking  tape.  . 

•  Woodefrtrame. 

•  Liquid  tusche. 

•  Lithograph  pencils. 

•  Removing' liquid. 


Figure  3*3.  Flanographic  printing. 
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Figure  3-4.  SUk  tcre«n. 


^j^rfnting  Proceduie.  The  first  step  in 
pnntiiig  by  the  silk  screen  method  is  to 
construct  the  firame  if  one  is  not  already 
available  to  hold  the  screen.  The  frame  should 
be  built  of  lightweight,  well-seasoned  lumber, 
with  strong  joints  at  the  comers.  The  frame 
sKould  be  fsistened  to  a  table  or  board  with 
hinges,  as  shown  in  figure  3A.  The  silk  should 
be  so  laid  that  tibe  threads  are  parallel  to  the 
sides  of  the  fntme.  The  sUk  is  held  in  place  by 
a  ftrip  of  tvristed  fibrous  material  which 
presses  the  silk  ti^tly  into  a  groove  in  the 
frame.  It  can  also  be  stretched  and  tacked  to 
the  frame  in  a  manner  similar  to  strelx:hing 
wateiyolor  paper. 

Ma$ter  copy.  The  master  copy  is  made  by 
making  a  layout  of  the  design  or  illustration 
on  drawing  paper  or  brisjtol  board  the  same 
size  as  the  desiied  prints. 

Cutting  the  -film.  The  film  is  a  thin 
transparent  material  attached  to  a  layer  of 
timnslucent  .paper.  A  piece  of  film  just  large 
enough  to  cover  the  actual  drawing  is  fastened 
over  the  master  copy  with  the  film  side  up. 
Thumbtacks  or  adhesive  tape  are  used  to 
fasten  the  film  to  the  board  over  the  master 
copy.  .^Ksharp  stencil  knife  is  used  to  cut  the 
design  in  the  film,  cutting  through  only  the 
film  and  not  the  backing  paper.  As  an  area  is 
outlined  with  the  knife,  the  filni' covering  the 
daiifP  to  be  printed  is  lifted  carefully  and 
stripped  firom  the  backing  paper. 

Attaching  the  stencil  to  the  screen.  The 
stencil,  backing  paper  and  all,  is  placed  film 
side. up  under  the  screen  hi  a  position  that  will 
pennit  the  correct  application  of  the  ink  on 
the  material  to  be  printed.  Newspaper  or 


other  scrap  paper  is  placed  under  the  film  to 
force  it  into  contact  with  the  silk.  A  small 
soft  cloth  saturated  with  adhering  liquid  is 
rubbed  quickly  over  a  small  area  of  tlie  silk 
covering  tl^  film.  A  large  soft  cloth  is  wiped 
over  this  portion  at  once  to  absorb  any  excyess 
liquid  since  too  much  liquid  will  spoil  the 
film.  A  darkening  of  the  film  usually  indicates 
that  the  film  has  adhered. 

When  the  entire  surface  has  been  attached, 
allow  it  to  dry  fox  about  15  minutes,  then 
raise  a  comer  of  the  paper  backing  to  detach 
the  backing  from  the  filrn.  If  the  film  is  raised 
from  the  silk  at  any  point,  it  must  be 
replaced,  the  screen  turned  over,  and  adhering 
liquid  used  until  it  is  firmly  fastened. 

The  open  spaces  around  the  stencil  are 
blocked  out  with  Sdhesive  paper  or  masking 
tape  to  prevent  any  unnecessary  parts  from 
printing.  Tape  is  also  applied  on  the  inside  of 
the  screen  around  the  edges  of  the  'silk  to 
prevent  ink  from  working  under  the  fraipe. 
The  squeegee,  which  is  a  blade  of  rubber 
about  1/4  inch  thick  and  which  fits 
lengthwise  into  a  slot  of  wooden  handle^ 
should  be  nearly  as  wide  as  the  inside  of  the 
frame.  The  squeegee  is  placed  at  the  top  of 
the  frame. 

Printing.  A  special  paint  is  used.  It  is  mixed 
to  the  consistency  of  thick  cream.  The  paper 
or  cloth  to  be  printed  is  fed  against  register 
guides  (see  the  top  illustration  of  fig.  3-4)  on 
the  board  under  the  silk,  and  the  screen  is 
lowered  over  it.  The  paint  is  then  poured 
upon  the  screen  at  one  end  and  pulled  across 
the  screen  .with' an  even  pressure  stroke  of  the 
squeegee.  This  action  forces  the  paint  through 
the  open  portrorx  of  the  stencil.  This 
operation  is  repeated  in  the  opposite  direction 
for  the  next  print.  The  entire  procedure  is 
repeated  until  the  required  number  of  copies 
are  printed. 

Cleaning  the  silk.  The  film  or  paper  stencil 
should  be  removed  from  the  screen  after  the 
run  has  been  completed.  This  is  done  by 
brushing  a  small  amounfof  the  filni  remover 
on  the  silk.  After  it  stands  for  a  few  minutes, 
the  paper  stencil  may  be  peeled  off.  If  film  is 
used,  it  must  be  rubbed  with  cloth  and 
removing  liquid.  The  silk  should  be  finally 
cleaned  with  the  same  liquid,  by  scrubbing  it 
between  two  wads  of  cloth  dampened  with 
the  removing  liquid. 

Methods  of  Producing  Stencils.  Besides  the 
film  method,  there  are  several  other  ways  of 
producing  stencils.  Some  of  the  important 
other  types  of  stencils  are  shellEu:,  lacquer, 
tusche,  and  direct  photography. 
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Shellac  itenciU.^Th^  paper  cut  stencil  is  a 
simple  and  easy  way  to  prepare  the  image  for 
thre  silk.  A  sheet  of  thin  tracing  paper  is  first 
coated  with  two  coats  of  orange  shellac.  The 
.original  drawing,  made  on  drawing  paper  or 
bristol  stock,^  then  covered  with  rubber 
cement.  The  sheUac<oated  paper  is  placed 
over  the  original  drawing,  shdlac  side  up. 
When  it  is  smoothed  out,  the  cement  will  hold 
the  tracing  paper  in  place.  The  design  is  then 
cut  through  the  tracing  paper,  and  the  parts 
that  are  to  show  up  in  the  print  are  removed, 
while  the  centers  remain  in  place.  The!  screen 
is  placed  over  the  shellac-coated  pap^,  and 
the  ptjpet  is  adhered  to  the  silk  by  moving  a 
warm  iron  over  the  silk  on  the  inside  of  tiie 
screen.  The  iron  should  be  just  warm  enough 
to  heat  the  shellac  and  cause  the  stencil  to 
adhere  to  the  silk.  A  cloth  with  a  few  dtops  of 
alcohol  on  it  may  ^o  be  used  to  dissolve  the 
shellac  and  make  it  adhere  to  the  silk.  The 
original  drawing  is  stripped  off  after  the 
stencil  has  been  attached  to  the  screen;  then 
the  rubber  cement  is  removed  by  rubbing. 
The  mesh  of  the  silk  must  be  cleaned  with 
benzine  or  naphtha  in  order  that  a  clear  print 
will  result.  The  screen  is  then  ready  for 
mounting  and  printing. 

Lacquer  stencils.  A  stencil  similar  to  the 
shellac  stencil  can  be  made  with  lacquer.  The 
paper  is  first  coated  with  lacquer,  the  design 
cut  out  and  placed  lacquer  side  up  ag^st  the 
silk.  It  is  attached  by  wiping  over  the  silk  with 
a  cloth  moStened  with  lacquer  thinner, 
softening  the  lacquer  and  causing  the  stencil 
to  adhere  to  the  silk.  The  silk  should  be  wiped 
with  a  dry  eloth  after  it  has  been  wiped  with 
the  thinner  to  take  up  the  excess  thinner  and 
allow  the  lacquer  to  stick.  [ 

Glue  may  also  be  used  as  an  adhesive  to 
mount  the  stencil  onto  the  silk.  It  is  ariplied 
in  the  same  manner  as  the  lacquer  or  shellac, 
using  a  damp  cloth  and  a  warm  iron. 

Tusche  method.  Lettering  and  drawirig  may 
be  applied  to  the  screen  by  the  use  off  liquid 
tusche.  The  silk  screen  is  placed  ojl^er  the 
preliminary  drawing,  and  the  tusche  is  painted 
on  the  silk  over  the  elements  of  the  drawing. 

Although  the  tusche  can  be  thinned  out 
with  distUled  water,  it  is  insoluble  after  it 
dries.  Fish  glue,  thinned  with  ^ater,  is 
brushed  over  the  entire  screen  on  the  inside, 
allowed  to  dry,  and  brushed  on  a  second  time. 
When  this  dries,  the  tusche  is  washed  out  by 
, rubbing  both  sides  of  the  silk  with  soft  cloths 
soaked  in  turpentine.  -  The  dissolving  tusche 
carries  away  the  glue  over  it,  leaving*  the  clean 
screen  open  at  all  points  where  the  tusche  is 
applied. 


Masking  paper  is  attached  to  the  underside 
of  the  screen  over  all  areas  not  opened,  and 
scotch  tape  is  fastened  around  the  frame  on 
the  inside. 

Direct  photographic  method.  Another 
method  of  preparing  the  screen  is  by 
photography.  Designs  that  are  too  intricate  to 
produce  on  paper  or  film  stencils  are  done  by 
this  method.  Pictorial  designs,  pen  and  ink 
sketches,  halftones,  and  other  types^  of 
complicated  subjects  can  be  produced  on  the 
sensitized  screen.  ^ 

The 'screen  for  the  direct  photographic 
method  is  coated  with  a  bichromated  solution 
of  glue  or  gelatin.  The  coating  is  allowed  to 
dry  and  the  plate  is  placed  with  the  film  or 
ink  side  against  the  sensitized  silk.  It  is  locked 
in  a  contact  frame  and  exposed  to  a  strong 
light.  The  amount  of  exposure  depends  on  the 
solution  use4  and  the  intensity  of  the  light. 
The  screen  is  etched  out  in  warm  water  after 
it  has  been  removed  from  the  contact' frame. 
It  must  be  kept  under  subdued  li^t  until  it 
has  been  dampened  on  both  sides.  Enlarged  or 
reduced  prints  may  also  be  made. 

Exercises  (819): 

1.  Pair  the  characterizing  statements  in  the 
right  column  with  the  mosWppropriate 
item  listed  in  the  left  column. 


_1,  D  i  r  e  c  t 
photographic 
method. 

_  2.  FUm. 

_  3.  Medium  meih. 

_  4.  Printing. 

_5.  Lacquered 
stencil. 

_  6.  Cleaning  silk. 

_  7.  Master  copy. 

_  8.  Attaching 
stencil  to 
screen. 

_9.  Shellac  sten- 
cil. 

.10.  T  u  s  c  h  e 
method. 


a.  48  per  lineal  inch. 

b.  Made  by  making  layout  of 
design  on  drawing  paper  or 
bristol  board. 

c.  AtUched  to  layer  of  trans- 
lucent paper  . .  .  thumb- 
tacks (or  adhetiYe  tape) 
used  to  fasten  to  the  board 
over  master  copy. 

d.  Cloth  saturated  with  adher- 
ing liquid  ^bbed  over 
small  area  . . .  large  cloth 
wiped  ovtr  portion  to  ab- 
sorb exceM  liquid.  .  .open 
spaces  are  blocked  out 
with  adhesive  .  .  .  squeegee 
is  placed  at  top  of  frame. 

e.  Special  solution  as  thick  as 
ice  cream  is  used.  .  .poured 
upon  screen  at  one  end 
. .  .operation  is  repeated  in 
other  direction.  ^ 

f.  Usee  film  remover.  .  .let 
stand  few  minutes,  peel  off 
paper  stencil.  .  .between 
wads  dampened  with 
liquid. 

g.  Original  drawing  covered 
with      rubber  cement 

.coated   jgaper  placed 
over  dr^Ming!',  .paper  is  ad- 
to  silk  by  moving^ 
warm  iron   over  silk  on 
inside  of  screen. 
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h.  Attach  by  wiping  orer  the 
tilk  with  a  cloth  moistened 
with  thinner. .  .or  glue  may 
be  used. 

L  56  per  lineal  inch. 

j.  Can  be  thinned  with  dis- 
tilled water.  .  .'insoluble 
after  dry. .  .  masking  paper 
attached  to  underside  of 
screen  oyer  areas  not  open* 
ed.  .  .scotch  tape  fastened 
around  frame  on  the  in- 
side. 

k.  Used  for  intricate  designs 
.  .  .pictorial  designs,  pen 
and  ink  sketches,  half- 
tones, and  other  types  of 
complicated  subjects 
.  .  .screen  is  coated  with 
bichromated  solution  of 
glue  or  gelatin.  .  .screen  is 
etched  out  in  warm  water. 

3-3.  Hioto  Composing  Machine 

Most  Air  Force  graphic  sections  are 
equipjped  with  a  photo  composing  machine 
capable  of  producing  black-type  copy  ready 
to  be  pasted  down  on  layouts  or  finished 
artwork  that  is  to  b€  reproduced.  Although 
you  should  learn  to  operate  the  particular 
machine  in  your  section  by  using  the 
operating  instructions  that  come  with  the 
machine,  we  should  discuss  the  operating 
principles  that  are  basic  to  all  photo 
composing  machines. 

The  typed  copy  from  photo  composing 
machines  is  printed  on  photo-sensitized  paper 
pr  on  film.  Paper  comes  in  rolls  of  100  and  75 
feet,  film  in  rolls  of  50  and  35  feet.  The  75 
feet  paper  rolls  and  the  35^feet  film  rolls  both 
have  adhesive  backs.  The  film  copy  is  a 
positive  transparency— black   letters  on  a 


Figure  3-5.  Inserting  film. 


transparent  background.  Such  copy  is  ideally 
suited  for  silk  screen,  gravuje,  and  visued  v4 
processes.  '    *  ^ 


820.  Sort  out  conrect  from  incorrect 
procedures  for  preparing  the  photo 
composing  machine  and  for  composing. 

Preparation  for  Operation,  The  following 
acceptable  steps  are  used  to  prepare  a  typical 
photo  composing  machine  for  operation: 

•  Mix  the  developer  and  fixer  solutions. 

•  Fill  and  insert  the  development  tank. 

•  Load'the  machine  with  paper  or  film. 

•  Insert  the  typemaster. 

•  Set  the  lighthouse  opening. 

•  Set  wordspacing  dial. 

•  Set  letterspacing  dial. 

•  Set  line  position  selector  knob. 

•  Set  front  switch. 

•  Set  exposurminder. 

•  Set  line  length  dial. 

The  chemical  for  the  solutions  used  with 
the  photo  composing  machine  comes  in 
powder  form  to  be  dissolved  in  water 
according  to  the  instmctions  printed  on  the 
packages.  These  powders  form  liquid 
concentrates  that  are  mixed  1  to  3  parts  water 
to  form  the  solutions  used  in  the  developing 
tank.  A  mark  on  the  tank  indicates  the  level 
to  which  you  fill  the  separate  compartment 
with  developer,  fixer,  and  water. 

To  prepare  a  box  of  paper-^for  insertion 
into  the  machine,  loosen  the  outer  bond  and 
pull  out  the  lead  strip  until  the  inner  bond  is 
broken.  Then  insert  the  rounded  end  of  the 
backup  strip,  bent  tip  pointing  down,  into  the* 
paper  box  slot  between  the  top  of  the  box 
and  the  paper,  feeding  the  entire  length  of  the 
strip  into  the  box  until  the  opposite  end 
hooks  over  the  top  edge  of  the  paper  box  slot. 

To  insert  the  paper  in  the  machine,  raise 
the  front  cover  and  the  lighthouse.  Pull  out 
the  paper  feed  clutch  knob.  Insert  the  paper 
into  the  paper  well.  Raise  the  paper  roller,  as 
shown  in  figure  3-5,  and  feed  the  paper 
underneath  the  first  guide,  along  the  paper 
channel,  underneath  the  second  guide,  and 
into  the  machine.  Lower  the  lighthousjB  and 
front  cover,  leaving  the  bottom  half  of  the 
front  cover  raised. 

T^  insert  a  typemaster,  raise  the  lighthouse 
and  the  front  -rover  slightly.  Insert  the 
typemaster  as  shown  in  figure  3-6,  positioning 
it  so  that  the  drive  plate's  center  locating  pin 
•  enters  the  large  locating  hole  in  the  center  of 
the  typemaster. 
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Figure  3-6.  Inserting  typenuuter. 


To  set  the  lighthouse  opening,  move  'the 
lighthouse  opening  control  lever  to  the  setting 
indicated  on  the  typemaster.  Make  sure  that 
the  lever  snaps  into  position. 

The  wordspacing  dial  should  be  set,  using 
the  large  numbers  on  the  right  side  of  the  dial 
and  turning  the  wordspacing  knob  until  the 
number  on  the  dial  that  corresponds  to  the 
point  size  of  the  typemaster  being  used  is 
aligned  with  the  indicator  mark.  To  obtain 
correct  letter  spacing,  turn  the  letterspacing 
knob  until  zero  on  the  letterspabing  dial  is 
aligned  with  the  indicator  mark. 

The  line  position  selector  knob  has  six 
setting  positions:  N,  A,  B,  C,  D,  and  E.  The  N 
setting  is  used  for  all  1-line  typemasters  and 
for  the  composition  of  repetitive  copy  with 
multiline  typemasters.  The  A  and  B  settings 


are  for  top  and  bottom  lines*  respectively,  on 
2-line  typemasters.  The  C,  D,  and  E  settings 
are  for  top,  middle,  and  bottom  lines, 
respectively,  on  3-line  typemasters.  Correct 
settings  are  indicated  on  all  multiline 
typemasters* 

The  exposurminder  is  set  by  pressing  the 
read  button  and  turning  the  adjust  knob  until 
the  meter  needle  is  at  5  on  the  dial.  This 
setting  is  normal  for  all  composition. 

In  multiline  composition,  all  Unes  must 
start  bom  the  same  starting  point.  To  assure 
accuracy  of  left  margins,  indentions,  and 
centered  lines,  zero  (starting  point)  must  be 
brought  to  the  indicator  from  the  left.  To 
make  the  setting  manually,  turn  the  dial  to  6; 
then  turn  the  paper  feed  knob  clockwise  until 
zero  is  aligned  with  the  indicator  hairline. 
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Figurt  3*7.  Operating 


Composing  copy.  The  following  steps  are 
uied  to  compose  copy: 

•  Txjxn  the  print-space  lever  to  the  PRINT 
position  and  release  it  immediately. 

•  Repeat  the  same  procedure  for  each 
letter  in  the  word. 

•  Move  the  print-space  lever  to  the  SPACE 
position  for  spacing  between  words. 

•  After  composition  has  been  completed, 
-  turn  the  paper  feed  knob  until  7  inches  of 

paper  is  fed  into  the  machine  to  advance  the 
last  character  printed  "beyond  the  cutting 
knife  mechanism. 

•  Raise  the  cutoff  and  feed  lever  and  hold 
it  up  until  the  red  develop  li^t  goes  on;  then 
release  the  lever.  The  developing  process  will 
start  and  is  completely  automatic. 

Figure  3-7' shows  an  operator  at  the  photo 
composing  machine.  Notice  that  she  has  the 
printing  copy  directly  in  front, of  her  where  it 
is  easy  to  read  as  she  operates  the  machine. 
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composing  machine. 


Exercises  (820):  ' 

1.  Sort  out  the  incorrect  from  the  correct  ^ 
preparatory  procedures  for  operating  a 
typical  photo  composing  machine,  then 
correct  the  faulty  procedures.  (Note  that 
these  steps  are  not  intended  to  be  put  into 
a  sequential  order.)  List  (by  Tetter)  the 
incorrect,  then  make  the  corrections. 

a.  Mix  the  developer  and  fbcer  solutions 
using  a  1  to  4  ratio  of  powder  to  water. 

b.  Set  the  exposurminder  by  turning  the 
read  knob  until  the  meter  needle  is  at  5 
on  the  dial  (for  normal  composition). 

c.  Fi4j[  and  insert  the  development  tank. 

d.  To  insert  paper,  loosen  outer  bond,  but 
dp  not  pull  out  the  lead  strip  until  the 
inner  bond  is  broken.  ^ 

e.  To  insert  the  typemaster,  raise  the 
lighthouse  and  front  cover  as  much  as 

possible.  ^'  ^ 

f.  Set  the  lighthouse  operating  control 
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lever  to  the  setting  indicited  on  the 
letterspacingdiai. 

g.  Set  wordspacing  dial. 

h.  Set  the  wordspacing  knob  until  on 
the  letteispacing  dial  is  aligned  with  the 
indicator  mark. 

i.  Set  front  switch. 

j.  Set  line  length  dial. 


2.  Do  the  same  for  steps  used  to  compose 
copy. 

a.  Turn  the  print-space  lever  to  the  PRINT 
position  and  release  it  immediately. 

b.  Repeat  the  same  procedure  for  each 
letter  in  the  word.  > 

c.  Move  the  print-space  lever  to  the  ACE* 
position  for  spacing  between  words.  ~ 

d.  After  composition  has  been  completed, 
/turn  the  paper  feed  knob  until  7  inches 

of  paper  is  fed  into  the  machine  to 
advance  the  last  character  printed 
beyond  the  cutting  knife  mechanism. 

e.  Raise  the  cutoff  and  feed  lever  and  hold 
it  up  until  the  red  deyelop  light  goes  on; 
then  release  the  lever,  the  developing 
prprqsss  will  now  start  when  you 
manually  initiate  it. 


3-4.  Methods  of  Reproduction 

Copies  of  illustrations  or  drawings  are  often 
n^ed  for  work  copies,  samples,  information^ 
and  file  copies.  In  many  cases  you  will  be  the 
one  who  makes  these  reproductions,  using 
available  reproducing  machines.  The  two  most 
common  reproduction  methods  are  diazotype 
and  dry  electrostatic  transfer. 

821.  Name  the  two  common  methods^ 
compare  these  methods  of  reproduction,  and 
state  the  advantage  (s)  of  the  dry  process  over 
the  moist  process. 

Diazotype.  Diazotype  reproduction  is 
possibly  the  most  versatile  and  effective 
nonphotographic  reproduction  process^  The 
process  is  simply  a  contact  exposure  of  a 
light-sensitive  paper  to  ultraviolet  light 
through  a  translucent  original  (master). 
Development  is  a  one-step  alkalizing  process 
that  takes  place  in  a  single  automatic 
machine;  it  exposes  the  light-sensitive  paper, 


ejects  the  original  or  master,  and  develops  and 
dWes  the  reproduction  copy.  The  resulting 
print  (reproduction  copy)  is  positive;  that  is, 
li^t  and  dark  areas  correspond  to  the  master. 
(In  a  negative  print,  light  areas  become  dark 
and  the  dark  areas  becon^e  li^it.) 

When  you  make  a  drawing  that  is  to  be 
reproduced  by  diazotype  reproduction,  the 
paper  you  use  (the  master)  must  be 
translucent  or  traiisparent.  Generally,  the 
drawing  is  not  inked;  however,  inking  may  be 
.done  if  a  particular  situation  requires  it. 

Basic  techniques  of  producing  diazotype 
images.  There  are  two  basic  techniques  of 
producing  diazotype  images,  each  requiring 
sp  ecialized  pro  cessing  equipment  and 
noninterchangeable^sensitized  materials.  The 
systems  are  called  dry-developing,  or 
ammonia  developing,  process  and  semidry,  or 
moist  developing  process.  The  ingredients  or 
chemical  makeup  of  both  processes  are 
basically  the  same.  They  consist  of  a 
diazonium -salt  and  a  coupler*  The  diazonium 
salt,  commonljr*  called  diazo,  and  the  coupler 
are  coal  tar  or  petroleum  derivatives  that 
combine  to  form  a  dye.  The  formula  of  the 
coupler  determines  the  color  of  the  dye 
image.  The  diazo  is  the  li^t-sensitive 
compoiient  of  .the  formula.  The  large  variety 
of  compoands  that  fall  into  the  diazonium 
salt  and  coupler  groups  allows  a  wide  span  of 
exposure  and  reaction  times  and  variety  of 
dye  images. 

Developing  processes.  The  process  is  simple 
for  developing  both  dry  and  moist  diazotype 
reproductions.  The  reproduction  cycles  for 
both  processes  are  shown  in  figure  3-8.  When 
ultraviolet  light  strikes  the  diazo  through  the 
translucent  portiqp  -of  the  .master,  the 
normally  yellowish  diazonium  salt  undergoes 
a  chemical  change  ^  and  becomes  a  new, 
colorless,  inactive  compound.  In  the  ammonia 
(dry)  developing  process,  both  the  diazo  and 
the  coupler  are  included  in  the  sensitizing 
formula  that  is  stabilized  by  a  mild  acid  to 
prevent  prematxue  coupling.  In  the  moist 
developing  process  the  diazo  is  on  the  paper, 
and  the  coupler  is  in  the  developing  solution. 

After  exposure  through  the  translucent 
master  to  ultraviolet  light,  the  master  is 
ejected  from  thp  machine  and  the  exposed 
paper  conveyed  to  the  developing  portion.  In 
the  ammonia  (dry)  process*  the  exposed 
materia  (diazo  and  coupler  on  the  paper)  is 
passed  through  an  aqua  ammonia  vapor  where 
the  stabilizer  is  counteracted  by  the  alkdinity 
of  the  ammonia.  The  diazo  that  has  not  been 
exposed  then  combines  with  the  coupler  to 
form  a  dye  image.  In  the  moist  developing 
process,  -the  exposed  paper  is  moistened  by 
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DEVELOPING  CHAMBER 
(AMMONIA  VAPOR) 


AMMONIA  DEVELDRNG  DIAZO  PAPER 

DRY  OR  AMMONIA  DEVEUQPING  DIAZOTYPE 


Figure  3*8.  Dia2o  reproduction  process. 


the  alkaline  developer  solution  that  contains 
the  coupler.  Where  the  diazo  was  unaffected 
by  the  lights  a  dye  image  is  formed. 

At  this  tirne^  the  dry  (ammonia)  process  is 
used  more  extensively.  The  ammonia  process 
has  a  larger  variety  of  compounds  and  is 
somewhat  more  versatile  than  the  moist 


process.  However,  the  moist  developing 
process  has  the  advantage  of  not  emitting 
ammonia  odors.  Both  processes  are  capable  of 
producing  high-quality  prints. 

Second  originals.  Since  the  translucent 
paper  on  which  the  original  (master)  drawing 
is  drawn  wears  out  after  a  few  reproduction 
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copies  are  made,  a  "second  original"  is  often 
made.  This  secoYid  copy  is  made  on  special 
foils  or  acetate  (both  translucent)  coateci  with 
the  same  substance  as  that  used  on  the 
light-sensitive  reproduction  copy  paper. 
Because  the  material  used  for  the  second 
original  is  much  more  durable  than  the  paper 
of  the  original,  many  more  reproductions  can 
be  ftade  by  using  the  second  original  as  the 
master.  . 

Diazotype  reproduction  in  genefai 
Diazotype  reproduction  produces  a  positive 
print  that  is  quite  stable  on  hard-finish  papers, 
plastic-coated  papers,  and  acetate  sheets. 
There  is  a  tendency  for  the  print  on  the 
cheaper,  softer  papers  to  oxidize  slowly.  Long 
storage  or  exposure  to  heat  or  sunlight  can 
cause  these  cheaper  papers  to  discolor,  and  to 
become  brittle^^and  also  cause  the  image  to 
fade  slightly. 

The  speed  at  which  the  ammonii  process 
diazo  runs  is  generally  faster  than  the  moist 
developing  process.  There  is  wide  variation  in 
the  running  speeds  depending  upon  the 
sensitizing  compound  on  the  paper. 
Diazotype  reproduction  paper  is  available  in 
either  sheets  or  rolls  of  various  dimensions. 
Generally,  the  color  of  the  image  is  blue, ' 
sepia,  or  red. 

Dry  Electrostatic  Transfer.  This  Xerox 
method  of  reproduction  'is  a  fast,  dry, 
electrostatic  copying  process  that  uses 
ordinary  paper.  It  has  inherent  advantages 
that  make  it  a  flexible,  versatile,  and 
economic  means  of  reproduction. 

While  the  -preparation  of  paper  offset 
masters  is  the  most  popular  use  of  the  dry 
electrostatic  transfer  process,  it  is  equally  easy 
to  prepare  transparencies,  single  or  multiple 
copies  on  ordinary  paper,  chemical  resist 
images,  and  others. 

Here  is  how  thre  dry  electrostatic  transfer 
process  works:    •  ^ 

•  The  surface  of  the  selehium-coated  plate 
is  electncally  charged  as  it  passes  under  wires. 

•  The  original  document  is  projected 
through  a  camera  lens.  The  charge  on  the 
plate  is  ^drained  away  in  areas  that  are  exposed 
to  light 

•  Negatively  charged  powder  is  cascaded 
over  the  plate  and  it  adheres  to  the  positive 
image.  The  latent  image  now  becomes  visible^ 

•  A  sheet  of  paper  (or  paper  offset  master) 
is  placed  over  the  plate,  and  the  paper  is  given 
a  positive  charge. 

•  The  positively  charged  paper  attracts  the 
powder  from  the  plate,  forming,  a  direct 
positive  image. 

•  The  print  or  offset  master  is  fused  by 
heat  for  permanency. 


The  Xerox  process  has  limitations  in  that 
the  equipment  is  rather  delicate  (the  plates 
are  quite  easily  damaged).  The  copy  produced 
is  generally  good  but  considerable  loss  is 
experienced  in  all  but  the  sharpest  line  copy. 

The  Xerox  process  is  of  considerable  value 
in  intermediate  publication  work,  especially 
in  preparing  masters  for  other  duplicating 
processes.  The  process  is  fast,  usually 
requiring  less  than  5  minutes  for  the  entire 
process.  Although  the  reproduction  is 
permanent  and  is  comparatively  economical, 
copy  for  copy,  the  plates,  powders,  and 
equipment  are  somewhat  expensive. 


Exercises  (821): 

1.  What    are    the  two 
repro,duction  methods? 


most  common 


2.  What  are  the  two  basic  techniques  used  in 
producing  images  by  the  diazotype 
process? 


3.  What  advantage  does  the  dry  electrostatic 
method  have  over  the  moist  diazotype? 


4.  Given  statements  that  descriptively  relate 
to  graphics  reproduction,  specify  which 
statements  appropriately  refer  to  diazotypjs 
and  which  to  electrostatic. 


Diazotype  (use  D). 
Electrostatic  (us«  E). 


$u  Molt  vemtile  and  effective 
nonphoto^iphic  process. 

b.  After  exposure  throu^ 
tranilucent  master  to  ultra- 
violet Hght,  master  is 
ejected  from  m&chint  and 
exposed  paper  is  conveyed 
to  the  developing  portion. 

c.  Equipment  is  rather  deli- 
cate and  expensive  (plates 
ar«  tuily  damaged).  „ 

d.  Print  or  of fsei  master  is 
fused  by  heat  fbr  perma- 
nency. 

e.  A  contact  exposure  of 
light-sensitive  paper 
ultraviolet  light  through 
translucent  origioal. 

f.  Surface  of  the  seleniv 
'  coated  plate  is  electrically 

charged  u  it  pissos  un^ler 
wires. 

g^  Second  copy  is  niade  on 
special  foils  with  the  same 
substance  as  that  xised  on 
the  light-sensitive  repro- 
duction copy  paper. 


65 


ERLC 


54i 


.  .  53G 


Figure  3-9.  Photo  before  retouching. 


h.  Preparation  of  paper  offset 
*  masteia  ia  mott  popular 

i.  Mathod  !a  fast,  dry,  and 
'  uses  ordinary  paper. 

So  for  in  this  volume,  we  have  been 
interested  mainly  .  in  the  techniques  of 
producing  original  artwork.  We  have  discussed 
the  techniques  oft  black  and  white  media,. 
^  color  media,  and  various  types  of  illustrations. 
-We  also  have  discussejd  various  types  of 
reproduction  processes.  It  is  obvious  that  an 
illustration  to  be  reproduced  by  s^e 
reproduction  process  must^be  developed  mth 
the  end  product  in  mind.  It  is  also  obvious 
that^  if  the  reproduction  is  to  satisfy  the  need, 
there  must  be  som^  type  of  communication 
between  the  illustrator  and  the  printer.  In 
other  Words,  you  must  use  some  means  of 
telling^  the  printer  how  you  want  your 
illustration  teprodt^ced,  what  size  it  should 
be,  and  any  other  information  required  to 
reproduce  it  attiifactorily. 
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The  purpose  of  this  chapter  is  to  famUiarize 
you  with  some  of  the  intercommunication 
techniques  used  between  Ulustrator  and 
printer.  As  typical  examples,  we  have 
presented  the  techniques  of  preparing 
photographs  and  colored  illustrations  for 
reproduction. 

h  ' 

3-5.  Photo  Techniques 

The  use  of  photographic  illustrations  in 
technical,  publications  is  widespread,  and  for 
good  reasofi.  The  photograph  is  often  the  best 
representation  of  the  Ulustrated  silbject,  and 
the  reader  is  inclined  to  trust  the  accuracy  of 
a  photo  more  than  he  does  /  drawing.  In 
order  to  be  worthy  of  this  trus|,  photographs 
must  conform  to  and  be  prepared  according 
to  certain  standards.  The  photo  must  present 
its  subject  free  from  distortion,  well  lighted, 
properly  composed,  and  m  its  natural  or  most 
effective  position. 

Every  effort  nnade  by  the  photographer  to 
decrease  the  amount  of  work  you  must  do  on 


the  photograph  results  in  a  time  saving  and, 
generally,  in  a  better  product  The 
photograph  should  give  its  subject  good 
contrast,  separate  the  planes  in  the  subject, 
and  avoid  distracting  and  extraneous 
background;  such  a  photo  requires  little 
further  work  froA  you.  A  skillful 
,  photographer  can  obtain  a  great  deal  of 
expression  in  a  photograph.  He  can  create  - 
impressions  of  action,  balance,  and  emphasis. 
If  the  photograph  is  to  be  effective,  the 
photograph ert must  know,  before  he  shoots, 
what  he  explcts  from  the  finished  print.  His 
main  considerations  must  be  quality, 
accuracy,  and  a  print  suitable  for  illustration 
with  minimum  retouching. 


822*  State  the  purpose  of  photo  retouching, 
cropping,  scalixig,  and  the  way  phantom 
effects  are  produced. 


Retouching.  If  the  photographer  fails  to  get 
all  of  the  qualities  that  are  necessary  to  make 
a  photograph  suitable  for  reproduction,  you, 
as  an  illustrator,  must  add  the  missing 
qualities  by  retouching  the  photograph. 

For  example,  let's  look  at  figure  3-9.  At  the 
first  glance,  it  appears  that  the  photogprapher 
did  his  job  exceptionally  well;  and  he  did, 
.  except  for  some  things  that  were  unavoidable 
or  unintentionally  overlooked.  If  the  purpose 
^  of  this  photograph  is  to  show  how  the 
machine  pictured  in  the  photo  ^  operated, 
the  reader  wbuld  have  to  overcame  some 
distracting  influences  to  focus  his  full 
attention  on  the  subject  of  the  photograph. 
For  instance,  he  mi^t  be  distracted  by  the 
conglomeration  of  waste  paper  and  excess 
film  strips  in  the  lower  right  comer  of  the 
/  photo.  The  background  too  might  prove 
distracting.  It  certainly  doesn't  add  anything 
pUTthe  subject  of  the  picture-the  operation  of 
the  machine.  Let's  see  how  we  can  improve 
the  photo  by  retouclyng  it. 

Look  back  at  figure  3-7.  This  figure  shows 
how  the  photo  appears  after  retouching. 
Notice  that  the  distracting  influences  have 
been  removed-H;he  waste  paper  and  film  are 
gone,  and  the  background  has  been  subdued 
by  placing  a  piece  of  translucent  material  over 
it.  Now,  let's  see  how  this  phantom  effect  was 
accomplished^ 

The  technique  that  was  used  to  subdue  the 
background  in  figure  3-7  is  shown  in  figure 
3-10.  The  process  involves  the  use  of  Bourges 
Solotone  sheets.  These  sheets  are  specially 
prepared  acetate  sheets  covered  with 
transparent,  uniformly  light  or  dark  tones 
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that  are  removable.  The  photograph  shown  in 
figure  3-10  is  covered  with  a  white  Solotone 
sheet.  The  illustration  shows  the  covering 
material  being  scraped  from  the  area  over  the 
part  of  Se  photograph  which  is  to  stand  out 
clearly  in  fte  final  print. 

The  iise  of  Solotone  is  a  simple  process. 
Here  are. the  steps  you  use: 

•  JSelect  the  sheet  that  will  provide  the 
desired  opacity  by  placing  test  sheets  over  the 
artwork  or  photo.  You  may  want  to  lighten 
or  darken  a  particular  area. 

•  Place  the  selected  sheet  (dull  side  up) 
over  the- artwork  or  photo  and  attach  it  to 
one  side  of  the  copy,  using  either  Scotch  tape 
or  masking  tape. 

•  Remove  the  tone  where  it  is  not  wanted. 
This  is  done  either  by  scraping  with  either  a 
plastic  stylus  or  by  applying  liquid  color 
remover. 

•  Slip  a  sheet  of  black  paper  (or  white 
paper  if  you  are  using  dark  Solotone)  under 
the  Solotone  sheet  to  check  for  any  areas  that 
may  not  have  been  removed  completely  from 
the  sheet. 

•  After  fou  have  completed  the  scraping, 
place  a  protective  cover  sheet  over  the  entire 
copy. 

Cropping.  When  the  photographer  takes  a 
picture,  he  usually  includes  nXore  than  just  the 
subject.  He  purposely  includes  some  of  the 
area  around  the  subject  because  he  knows 
that  it  is  almost  impossible  to  get  perfect 
picture  balance  and  arrangement  at  the  time 
he  takes  the  picture.  He  knows  that  the  added 
area  will  allow  him  to  select  the  part  of  the. 
total  picture  best  showing  the  subject  in  a 
well  balanced  and  interestingly  arranged  print. 


\ 

Flgurt  3-10.  Bourgef  Solotone. 


This  technique  also  allows  illustrators  to 
select  the  part  of  a  photograph  that  will  best 
portray  a  particular  subject.  This  technique  is 
called  cropping.  Let's  make  a  typical  example 
of  how  this  technique  is  used .  ^ 

Figure  3*11  shows  how  a  piljiptograph  was 
cropped  by  the  illustrator  of  this  CDC 
volume.  Notice  that  in  cropping  the  copy  to 
be  reproduced  he  retouched  the  background 
around  the  subject,  outlined  the  desired  area 
with  white  opaque  paint,  and  made  crop  matk 
and  dimension  line  notations  in  the  margin  of 
the  copy.  If  the  print  is  to  be  the  same  size  as 
the  original  copy,  the  term  "1  to  1"  is  written 
in  the  open  space  of  the  dimension  line.  If  the 
print  is  to  be  reduced  (or  enlaced),  the 
instructions  and  the  desired  dimensions  in 
inches  are  placed^  accordingly,  in  the  open 
space  of  the*  dimension  line. 

Figure  3-12  shows  the  result  achieved  by 
the  cropping  process.  Notice  that  tlie  crop 
marks  and  other  instructions  have  been 
eliminated  and  that  the  print  now  appears  in 
the  desired  size.  ^^^^^^ 

Scaling  method.  Since  th^oms  of 
photographs  used  for  illustrations  arp  seldom 
the  same  size  as  the  final  printjtnd  since 
illustrations  are  usually  drawn  or  1/2 
larger  than  the  fmal  print,  kno^^jig^a-simple 
method  for  scaling  down  or  scaling  up  the 
original  is  desirable.  Such  a  method  is  shown 
in  Hgure  343.  The  steps  in  the  procedure  are 
also    given   in  the  illustration. 

Overlay.  When  lettering  or  hne  work  is 
done  on  any  kind  of  tone  drawing,  the  Hnal 
product  must  be  produced  in  a  combination 
copy.  The.  line  work  of  a  combination  copy 
can  be  applied  either  ctirectly  on  the  surface 
bt  the  tone  drawing  or  on  a  transparent 
acetate  overlay  placed  over  the  tone  drawing. 
For^example,  suppose  that  callouts  were  used 
in  the  illustration  shown  in  figure  3-13  to 
identify  the  important  parts  of  the  airplane. 
The  .lette^g  and  line  work  can  be  cbrawn^ 
pasted,  or  applied  on  the  tone  copy  or  on  an 
acetate  sheet  placed  over  the  tone  copy* 

Applying  the  line  work  directlvon  the  tone 
copy  and  reproducing  the  entixunuustration  as 
a  halftone  is'tHe  more  economical  method. 
However,  the  line  work  of  an  illustration 
reproduced  in  this  manner  is  likely  to  be 
fnzzy  or  indistinct,  aitd  the  shadow  around 
pasteup  areas  is  likely  to  be  reproduced  in  the 
finished  print. 

If  clear  cut  line  work  is  desired  in  the  print, 
the  line  work  must  be  drawn  on  a  trangQ^ent 
ov^ay.  When  the  iUus;ttation  is  process, 
the' two  parts  are  photographed  separately  to 
produce  the  two  negative  films  needed  in 


Figure  3-12.  Results  of  cropping. 


making  the  printing  plate.  The  two  negatives 
are  usecU together  to  prodiEice  a  combination 
line  and  halftone  plate. 

It  is  obvious  that  the  two  parts  of  the 
illustration  must  register  perfectly  if  they  ard 
to  combine  properly.  Therefore,  register 
marks  must  be  placed  on  both  the  tone  copy 
and  the  transparent  overlay.  The  registration 
^marks  usually  consist  of  three  smsdl  circles 
with  crossed  lines  through  the  centers  or  they 
may  consist  of  the  crosses  only.  In  either  case, 
they  are  widely  spaced  in  the  border  of  the 
copy. 

Exercises  (822): 

1.  What  is  the  purpose  of  photo  retouching? 

2.  How  can  the  background  of  a  photograph 
be  given  a  faded  out  or  phantom  effect? 


3.  What  does  c|x>pping  affect? 


4.  What  is  the  reason  for  scaling? 


OyCR  THE  ILLUSTRATION. 


XT 

DHAW  A  DIAGONAL  LtN€'>RO«  ONE 
COHNCfl  TO  THE  OPfOSlTE  toRNCR.X^ 


A  HORIZONTAL  LtNC  DRAWN  THROUGH 
THIS  POINT  WILL  CNCCOSC  THC  REDUCED 
MATERIAL. 


—               "  L 

J 

ENCLOSE  THE  ILLUSTRATION  WftH 
HORIZONTAL  AND  VERTICAL  LINES  ORAWA 
ON  THE  OVERLAY.  * 


MARK  OFF  THE  DESIRED  REDUCED 
WIDTH  AND  DRAW  A  VlfRTICAL  kINE.  THE 
POINT  OF  INTERSECTION  INDICATES  THE 
CORNER  or  THE  RCDUCTtON. 


CO»«RLETED  REDUCTION.  THE  HEIGHT 
CAN  BE  USED  INSTEAD  OT  THE  WlOTH,  IF 
THE  HEIGHT  IS  THE  LIMITINO  FACTOR, 


Fifurt  3-13.  Redudng  or  enlarging  method. 
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3^.  Color  Separation  Processes 

When  an  illustration  is  to  be  reproduced  in 
full  color,  four  separate  printing  plates  are 
iequired*--a  plate  for, each  basic  color.  The 
four  ba^c  colors  are  red,  yellowi  blue,  and 
black.  This  process  of  separating  the 
colois— the  final  topic  in  this  CDC-^ay  be 
done  by  the  illustrator,  photoengraver,  or 
lithographer. 


823.  Explain  why  black  is  used  in  color 
reproduction;  then  givexfa  list  of  qualifying 
statements     concerning  •  photofengraving 
^processes,  match  the  appropriate  terms. 

'  Ithotoengraving  Processes.  The 
photoengraver  uses  filters  Tand  sensitized 
emulsioni  to  eliminate  the  three  colors  not 
desired  on  ti^e  negative  being  made.  For 
.  instance,  if  there  is  green  in  the  subject  being 
'  reproduced,  the  photoengraver  uses  a  filter 
that  sdlows  the  desired  amount  of  yellow  and 
bhie  throuj^'to  those  negatives  and  holds  to  a 
minimum  the  red  and  black  in  the  green  area^. 

Indirect  method.  There'  are  *  two  basic 
methods  that  the  photoengraver  uses  to  make 
separation  negatives.  One  is  the  indirect 
h  method  of  .  color  separation,  wherein 
H^^optimious  tone  separation  negatives  are 
mtdC;  then  contact  positives  are  made  from 
these  negatives,  retouched,  and 
rephotographed  as  halftones.  This  method  is 
of  partiAUar  advantage  •with  difficult  cipy 
having  very  dense  areas  that  would  be  almost 
imf>ot8ibIe  for  the  finisher  to  open  up  when 
ftimished  with  an  ordinary  set  of  prints. 

Direct  method.  The  second  method  of 
*coIor  separation  is  the  direct  method.  This 
method  is  useo^when,  in  the  opinion  of  the 
phdtographer,  it  is  possible  to  make  halftone 
color  separation  negatives  directly  from  the 
copy.  The  direct  method  operates  as  follows: 
The  photoengraver  makes  screen  negtives 
dkect  txom  the  artwork  by  using  filt^C  The 
screen  negatives  are*  then  printed  on  metal, 
and  the  color  etcher  not  only  etches  the 
I^ictureT  into  the  metal  but  also  color  corrects 
by  etching  as  he  sees  fit  to  obtain  as  near  a 
reasonable  facsimilet  of  the  artwork  as 
possible. 

Filter  principle.  Color  separating  is 
^subtractive  and  utilizes  filters  that  are 
complementary  to  the  color  eventually  to  be 
used  for  printing*  Thgts,'  a  blue-violet  filter 
transmits  blue-violet  but  stops  yellow>This  is 
the  filter  that  is  used  to^roduce  the  yellow, 
printer.  It  works  as  foUoWs. 
The  colors  transmitted  by  this  filter  are  red 


and  blue  (note  that  these  are  twp  of  the  three^ 
colors  that  ultimately  will  be  used  hi  the 
printing),  and  these  are  the  only  colors  that 
will  affect  the  photographic  plate.  When 
developed,  these  areas  in  the  negative  wiH^]^ 
the  most  dense.  When  a  print  is  made  t^m 
this  negatives,  the  values  will  be  reversed,  the 
result  being  that  the  dense  negative  values  of ' 
red  and  blue  will;be  the  lightStvyalues  in  the 
print.  This  is  the  reason  that  it  is  x^ost 
sqppropriate  to  refer  to  this  as>jbhe  subtractive 
process. 

While  all  this  is  going  on»  the  yellow  of  the 
original  is  being  absorbed  by  tibe  filter;  so  all 
yellow  areas  w^  be  most  transparent  in  the 
negative  (consequently,  most  dense  in  th^ 
print).  By  subttacting  thk  red  and  blue,  tiKe 
'  image  of  all  the  yellow  b^com^Jsj^lstea  ojr 
separated.  When  such  a  prinTislnthe  proper 
yellow,  complementary  to  the  filter  color,  it 
will  represent  all  of  the  yellow  in  the  original 
no  matter  whetherjt  be  a  yellow  alone  or  a 
yellow  t^at  is  part  of  another  color,  such  as 
green.  ^ 

The  red  printer  iMCfiade  by  following  the 
same  procediue/^  except  that  a  green 
(yellow^blue)  filter  is  used;  the  blue  printer  is 
made  by  using  the  orange  (yellow-red)  filter. 

The  fourth  cohr^Jt  is  impossible  to  match 
or  duplicate  a  brilrant  color  iq>proximating 
the  pnnting  ink  itself,  since  in  each  case  the  . 
ink  absorbs  such  a  large  percentage  of  its  own 
color,  instead  of  reflecting  it  completely.  The 
superimposition  of  all  the  inks  full  strength 
will  not  generally  give  a  dense  neutral  black, 
but  rather  a  greenish  of  reddish  black, 
depending  on  whether  the  red  or  blue-green 
ink  has  the  ^greater  absorption  deficiency. 
Hence  the  need  for  the  fourth  impression  to 
give  a  neutral  black  rendering. 

Illustrator  considerations.  The  cOpy^  for 
process  plates  should  be  prepared  with  tbe 
limitations  of  the  color  process  in  mind.  If 
your  copy  features  metallic  objects  that  are 
painted  with  metallic  colors  instead  of 
ordinary  pigments,  you  caimot  expect  the 
engraver  to  match  this  effect  with  process 
color  alone.  If  some  parts  of  your  copy  are 
prepared  with  a  biillisnfcESnne  yellow  and 
other  areas  with  a  pale  lemon  yellow,  the 
engraver  will  have  to  try  to  approximate  these 
with  process  colors. 

Bear  in  mind  the  difference  between  the 
texture  of  the  drawing  surface  and  the  page; 
on  which  the  print  is  made.  Do  not  expect 
color  printed  on  glossy  stock  to  have  the  same 
soft  feeling  of  watercolor  painted  on 
watercolor  paper.  Also,  the  whites  of  a  copy 
cannot  be  reproduced  faithfully  when 
printing  is  done  on  cream-colored  stock. 
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When  you  reduce  a  color  by  adding  white 
t  to  it,  you  must  bear  in  miiid  that  the  resulting 
color  becomes  a  false  color  photographically 
and  cannot,  be  reproduced  faithfully.  The 
only  way  thit  the  engraver  can  approximate  a 
whited  out  or  reduced  color  is  to  lighten  the 
dot  tOne  value  on  the  inking  surface  of  the 
printing  plated  allowing  more  white  paper  ic 
come  through. 

Color  Separation  Drawings.  An  illustrator  is 
often  called  on  to  make  color  separation 
drawings  that  the  engraver  or  lithographer 
uses  to  make  the  printing  plates.  These 
drawings  may  be  simple  instructions  the 
Uthogmpher  uses  in  separating  the  colors*  or 
^ey  may  be  \he  work  of  a  skilled  artist  who 
does  the  job  of  color  separation  that  colo^ 
filters  do  automatically. 

Tissue  overlay.  Perhaps  the  easiest  method 
for  the  artist  to  use  to  indicate  color 
separation  is  the  tissue  overlay.  In  its  simplest 
form  this  method  consists  of  a  sheet  of  tissue 
(tracing  paper)  laid  over  the  artwork*  with  the 
color  areas  blocked  in  with  crayon  or  pencil. 
This  overlay  is  used  by  the  lithographer  who 
does  thf  actu^  registering  of  the  separate 
pieces  by  adding  the  lap  on  his  film  with 
opaque  paint.  This  tissue  method  can  also  be 
used  to  indicate  a  perfect  register. 

Key  line.  This  method  is  often  used  for 
color  work  with  large  masses.  First,  an  outline 
of  the  color  lap  is  drawn  with  a  ruling  pen. 
'  Then  the^arei^  on  the  inside  an'd  the  outside  of 
this  line  is  filled  in  with  black*  up  to  within 
1/16  inch  from  the  line*  This  leaves  a  thin 
white  area  on  both  sides  of  the  design  line.  A 
tissue  overlay  is  used  to  indicate  the  are^  of 
cobr. 

The  lithographer  makes  a  negative  and  a 
positive  of  this  drawing.  On  one*  he  finishes 
filling  in  the  center  ahd  takes  out  the 
background;  on  the  other  hp  finishes  filling  in 
the  background  and  takes  out  the  center. 
Since  the  line  is  common  to  each,  it  forms  the 
width  of  the  overlap.  The  weight  of  the  line 
'  depends  upon  the  colors  to  be  used.  A  set  of 
light  and  dark  colors  can  have  more  overlap 
than  a  set  of  two  light  colors  or  a  set  of  two, 
dark  colon. 

Acetate  overlay.  In  this  method  the  artist 
'draws  separate  artwork  for  each  coloir* 
judgingt  for  instance,  the  value  that  must  be 
provided  on  the  red  artwork  and  on  the  blue 
artwork  to  give  the  correct  shade  of  violet 
when  the  job  is  printed.  A  typical  example  of 
the  work  that  must  be  done  is  shovm  in  figure 
3-14. 

The  plate  at  the  upper  left  in  figure  3-14 
represents  the  colored  illustration  that  is  to  be 
reproduced*  This  plate  is  sent  along  with  the 


others  to  be  used  by  the  lithographer  as  a 
guide  for  the  finished  print.  Notice  that  it  also 
includes  three  register  marks*  crop  marks*  and 
dimension  instructions. 

An  acetate  sh^et  is  placed  over  the  original 
drawing*  frosted  side  up.  Then  the  crop  marks 
and  register  marks  are  made  exactly  over  the 
original  markjs.  Next*  the  areas  containing  the' 
color  which  this  plate  will  be  used  to  produce 
are  outlined  and  filled  in  with  black  India  ink. 
This  procedure  is  used  for  the  plates  of  all 
three  primary  colot^and  for  the  black  plate. 
In  this  particular  exlrnple*^a  30-percent  black, 
halftone  screen  plate  is  also  made*  which  will 
be  used  to  gray  ^me  of  the  areas  of  color. 
This  plate  will  be  combined  with  the  black 
plate  in  tjie  process  of  making  the  black 
printing  plate. 

To  achieve  lap  register*  the  design  in  each 
plate  is  made  a  little  larger  than  its 
background  to  insure  a  slight  overlap.  The 
element  to  appear  in  the  lighter  color  should 
overlap  into  the  darker  color. 


Exercises  (823): 

1.  Explain   why  J 
reptoduction. 


black  is  used   in  color 


2.  Match  the  inost  appropriate  term  wifh  the 
descriptive  stateinent(s)  (right  column)  that 
characterize(s/it 


Indirect  method.  ^ 
Direct  method. 
Blue-violet  filter. 
Lap  register. 
Green  fUter. 
*Red  printer. 
Blue  printer. 
YeHowred  filter. 
Neutral  black  rendering. 
Tissue  overlay. 
KeyUiie. 
Acetate  oteriay^ 


Con^inuooa  tone  aepa* 
ration  negatives  are 
made. 

Used  f9r  color  work 
with  large  areas. 
Stops  yellow. 
Color  areas  are  blocked 
in  with  crayon  or  pen* 
cfl. 

Placed  over  original 
drawing,  frosted  side 
up. 

Qreen  filter  used. 
Screen  negatiyu  made 
from  artwork  by  using 
filters. 

Adtantageous  with  dif- 
ficult copy  (that  having 
dense  areas  that  would 
be  almost  impossible 
for  finisher  to  open  up 
with  ordinary  set  of 
prints). 

Artist  draws  aeparate 
artwork  for  each  cok>r, 
judgittf  the  Talues  to  be 

produced. 
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Dttign  in  each  pltte  is 
mtdt  t  little  larger  than 
its  background. 
Used  when  it  is  possible 
to  make  halftone  color 
separation  negatives 
from  copy. 

Screen  negatives  are' 
printed  on  metal,  the 


color  etcher  etches  the 

picture  and  color  cqr- 

rects. 
m.  Yellow-blue, 
n.  Orange  filter, 
o.  Fourth  impression, 
p.  Easiest     method  for 

artist  to  indicate  color 

separation. 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


References: 

800-  1. 


PROJECTORS 
OR 

VISUAL  RAYSv 


GROUND  PUkHl 


Figure  1.  Nomenclature  applied  (answer  for  objective  800,  exercise  1). 


800 '  2.  Definitiona: 

a.  Horiaon  U  a  visible  or  inYislbU  line  that 
represents  the  actual  horizon  and  eye 
level  of  the  observer.  ^ 

b.  Vaniibing  point  (V?)  is  th«i??6int  \)n  the 
hori^son  where  all  4ine»  representing  ptr* 
allel  horisontal  edges  converge. 

c.  Ground  line  represents  the  intersection  of 
the  ground  plane  and  the  picture  plane. 

d.  Picture  plane  represents  the^tectangular 
outlint  (real  or  imaginary). 

e.  Stiitlbh  point  is  the  point  through  which 
all  converging  light  rays  go;  position  of 
obit*  -er's  eyet  in  relation  to  object. 


f.  Visual  rays  are  converging  light  rays. 

g.  Center  (line)  of  vision  (CV)  (axis  of 
vision)  is  the  observer's  line  of  sight.  It  is 
the  point  at  which  this  line  intersects  the 
picture  plane.. 

h.  Object  plane  is  any  vertical  surface  of  the 
object. 

i.  Horizon  plane  is  an  invisible  plane  pauihg 
through  the  station  point  and  the  Earth's 
horizon.  ^ 

j.  Measuring  line  (ML)  is  the  part  of  ufe 
object  that  touches  the  picture  plane. 

800  -  3.  Due  to  the  fact  that  the  SP  is  in  relation  to 
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tfa«  object,  if  tht  point  ihifts,  the  pertpective 
also  shifts  accordini^y. 
800  •  4.  By  changing  (augmenting  or  decreasing)  the 
perQ)ectiTe;  if  the  picture  plane  moves  closer 
to  the  object,  Uie  pexspectire  becomes 
larger.  The  conYezse  is  true,  as  well. ' 

801*1.  Three  types  of  perspective  are: 

9u  One^int  (paralld)  exists  idien  two  di- 
mensions are  parallel  to  an  imaginary 
plane  of  reference  (picture  plane). 
'       b.  Two-point  (angular):  object  is  considered 


802  •  1. 


/({isitting  at  an  angle  to  the  picture  plane. 
There  are  two  sets  of  horizontal  edges 
converging  toward  two  different  vanish* 
ing  points  on  the  eye  level  or  horizon 
line. 

c.  With  three-^int  (oblique)  perspective 
none  of  the  object's  surfaces  are  paralld 
to  the^picture  plane.  . 

801 «  2.  A  is  one«point. 
B  is  two*point. 
C  is  three*point. 
f 

V 


Figure  2.  Division  of  rectangular  area  Vsnswcr  for  objective  802,  exetci»e  1 ). 


802  •  2.  To  establish  the  needed  station  pojnt  and 
vanishing  point(s). 

r 
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STER  2 


MAJOR  AXIS 
PERSPECTIVE  CENTER 

STEP  3 


Fignx*  3.  Freehand  and  mtchanical  toot  layout  mtthodi  (anawer  for 
objective  803«  txerciM  1). 


804  •  1.  The  horizon*  the  lUtion '  point,  and  the 
Taniahingpoint(t), 

806-1.  a.  Step  one  la  to  draw  a  line  to  represent  the 
.    picture  plane.    _       ,    7  ^     ^  ,  * 
b.  Step  tw  ia  to  lelect  the  atation  Dtoint 
'     (approxinutety  the  center  of  th^ 
tiew  at  a  80*  OYetall  angle). 


806-2.  Line  (AVicftuitty  touchea  the  picture  plane; 

.  .  it,  thua,  1|  not  fonWiortened  tto  be  diictiaMd 
further  in  the  next  incrtment).  In  fact,  line 
(A)  ia  important  beeauai  it  can  be  ui#d  for 
meaiurinf . 

806-1.  Foreehortening  ia  the  Dlttaion  created  tiiat 
makea  an  Irregular  (jEree)  form  appear  to  go 
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toward  or  recede  from  the  viewer. 

806  *  2.  Main  consideration: 

a.  Proper  lue  of  vanishing  point. 

b.  Eye  levd  of  observer. 

c.  Light  source. 

CHAPTER  2 

807  •  1,  1, 1;  2,  B;  3.  H;  4.  A ;  5,  D;  8,  F;  7,  E;  8.  G ;  9, 

808*1.  General  steps: 

a.  Understand  purpose  and  scope  of  Olustra* 
tlon  then  famaiarize  yourself  wjth  the 
request. 

b.  Research  if  necessary  to  be  sure  iilustra* 
tion  is  technically  correct. 

c.  Visualize  to  produce  a  rough  layout 
(decide  how  it  is  to  be  presented,  what  it 
is  to  look  nice,  and  the  medium  to  be 
tued). 

d.  Produce  the  comprehtnaitt  layout—an 
accurate  drawing  and  instmctions  for 
rendering  or  finishing  the  illustration. 

808-  2.  a,  c,  e,  h,  and  i. 

809-  1.  As  shown  firom  top  to  bottom  of  left 

c(dumn,  then  from  top  to  bottom  of  right 
column. 

Orthogmphic  quarter         Short  break. 

section.  I^ng  break. 

Peispecthre  fuU  section.      Cylindrical  objecU. 
Phantom  tiew.  -Wood  or  plastic . 

Irregular  cutaway/  -        Metal  bar.  ^ 
nuee^iuarter  cutaway.  * 

Centerline. 
Hidden  line. 
Phantom  lint. 
Sectioning  exteniion  line. 
Leader  line. 
Dimension  line. 
Visible  form  line. 


810  •  1.  Block  diagrams,  which  do  not  actually  show 
motion  or  fun$tion»  display  a  theoretical 
'  arrangement  of  componenta  and  symbolic 
interconnection.  Whereas,  schematic  dia- 
grams use  symbols  in  the  form  of  color  (not 
words),  line,  line  patterns,  tones  and  the  like 
to  show  motion  (fttnction).  Wiring  diagrams, 
the  last  main  type  of  symbolic  illustration,  is 
concerned  with  the  lines  repreeenting  the 
path  that  actuaT  wires  take  in  a  specific,  real 
sysUm  component^  (Schematic  ia  most  con- 
cerned with  signal  flow.) 

810  •  2.  (Prom  top)  Equipment,  component,  shield, 
indosuree  (mechanical  equipment),  chassis 
outline,  signal  path  (or  base  Ihiea),  envelope 
filament  grids  cathode,  tacuum  tubes  plate, 
and  lead  or  circuit  lines  (and'  graphic  sym- 
bols). . 

811-  1.  caieok  your  work  against  figure  2-16. 

812-  1.  6%  by  8^  inch;is. 
812 -2.  6byl2hiches. 

818  - 1.  The  lettering  must  be  1/16  of  the  height  of 
the*  graphic.  In  this  case  it  must  be  2/8 
(10:16  *  2/3).  The  linii  weight  must  be  at 
least  1/76  ofldV;  Indies.  Therefore^  it  must 
be  a|  least  1/6  indi  thick* 

818  •  2.  Since  the  minimum  height  for  lettering  is 


1/15  of  the  graphic  height,  the  largest  that 
the  graphic  can  be  is  15  times  the  height  of 
the  lettering  which  is  5  inches  (15  X  1/3  • 
5).  .  T 

'813  •  3.  If  the  graphic  can  be  seen  on  the  monitor 
with  sufflcient  clarity  to  illustrate  its  point, 
your  sizes  and  styles  are  appropriate. 

814-1.  The  advantage  of  using  black  and  whiU  in  ail 
TV  illustrations  is  that  it  gives  the  video 
engineer  a  reference  on  which  he  can  set  up 
his  basic  video  levels.  Besides  the  fact  that 
black  and  white  may  not  fit  well  into  the 
design  of  an  illustration,  using  black  and 
white  next  to  each  other  may  cause  a  halo  or 
horizontal  streaking. 

814  •  2.  The  TV  system  is  not  as  effective  in  distin* 
guishing  tone  as  is  the  human  eye.  If  you  did 
not  restrict  your  use  of  gray  to  3  or  4 
'  separated  tones,  some  of  the  different  tones 
might  appear  to  be  the  same  tone. 

814-  3.  Value.  You  should  compare  the  value  of 

colors  with  the  values  of  gray^. 
814  •  4.  Lay  a  sheet  of  wax  paper  over  your  illustra- 
tion and  step  back  to  the  appropriate  view- 
ing distance.  Tfte  jriet  result  is  very  similar  to 
what  the  TV  system  does  to  your  illustra- 
tion. BIG,  BOLD,  and  SIMPLE  is  the  cri- 
terion to  apply.  ^ 

815-  1.  1,  f;  2.  e;  3,  a;  4,  g;  5,  h;  6,  b;  7,  d;and  8,c. 

816-  1.  Glatt,  photographic  film,  and  acetate. 

816  -  2.  Because  they  can  be  made  in  any  size  to  fit 

.  any  projector,  provide  excellent  definition 
of  detail,  arid  they  do  not  easily  smudge. 

817-  1.  Diazo  transparencies  are  larger  than  most 

slides,  thus  (in  terms  of  drawing)  more 
detailed  and  easier  to  cut  out  mistakes. 

817  -  2.  The  ste^s  for  a  diazo  multicolored  projectuai 

are: 

a.  Draw  the  original  artwork  and  punch  for 
pin  registration. 

b.  Ptmch  as  many  sheets  of  tracing  paper 
and  Diazochrome  as  colors  to  be  used. 
•Also  punch  the  number  of  mounting 
frames  needed, 

c.  Place  a  sheet  of  tracing  paper  over  the 
original  and  registration  pins,  and  opaque 
areas  to  be  printed  in  one  color.  Repeat 
for  each  color.   *  ^ 

d.  Place  appropriate  Diazochrome  endorse- 
ing  paper  over  registration  pins  and  ex- 
pose in  exposure  unit.  Reptat  for  each 
color.  ' 

e«  Develop  each  Diazochrome  in  the  devel- 
oping unit. 

f.  Assemble  the  projectuai  by  placing  a 
mou;iting  frame  and^e  Diazochrome 
films  over  the  registration  pins. 

g«  Tape  the  assembled  projectuai  to  the 
mount. 

817.-  3.  Refer  to  a  monograph  chart  such  as  shown 
in  figure  2*25. 

c 

—  CHAPTER  3 

818-  1.  1,«;2,  c;and3,  e. 

818  •  2.  6  lines. 

819  -1.  1,  k;  2,  c;  3,  a;  4,  e;  6,  h; 6,  f;  7,  b;  8,  d;  9. g; 

and  10,  J. 


^ 
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820  •  1.  a  (ratio  b  1  to  3),  b  (turn  tdjuft  dial)»  d  (pull 

Itad  ttrip  to  break  Inner  bond),  e  (raiia  only 
slightly),  f  (Indicated  on  the  typematttr),  h 
(zero  on  dial). 
820*2.  e  (dtvtloping  proceu  will  start  automati- 
caUy). 

821-1.  Diazotype  and  by  dtctrostatic. 

821  •  2.  Dry-doYdoping  and  semi-^  dereloping. 
821  •  3.  No  ^)ecial  papejr  ia  needed. 

821  •  4.  D  (a).  D  (b).  E  (c),  B  (d).  D  (e),  i  (f).  D  (g). 
B(h).E(i).  I 

Retouching  adds  the  qualities  to  a  photo- 
graph that  the  photographer  failed  or  could 
notjobtain. 

The  phantom  effect  is  obtained  by  lasring  a 
sheet  of  Solotone  orer  the  photograph  and 
scraping  away  the  surface  oTer  the  subject. 
Cropping  indicates  the  exact  part  of  a  photo 
that  should  be  reproduce  (also  indicates 
wixat  part  of  the  photo  is  not  neected). 


822  •  1. 
822  •  2. 
822  •  3. 


822-4.  Since  photos  used  for  illustrations  are  sel- 
dom the  same  size  as  the,  Hnal  print,  i|aling 
up  or  down  (depending  on  the  task  a%uid) 
is  a  neceisary  process. 


823  - 1.  Black  is  used  in  color  reproduction  because 

the  mixture  of  the  three  primaries  does  not 

produce  a  neutral  black.  It  is  also  used  to 

gire  tone  and  body  to  other  colors. 
823  -  2.  Indirect  method:  a,  h. 

Direct  method:  k,  g,  1. 

Blue^olet  filter:  c. 

Lap  re^ster:  J. 

Green  filter:  m. 

Red  printer:  f. 

Blue  printer:  n. 

Yellow-red  filter:  n. 

Neutral  black  rendering:  o. 

Tissue  oTMlay:  p,  d. 

Koyiine:b.  ^ 

Acetate  OTcriay;  i,  e. 


>KJ^.  GOVERNMENT  PRINTING  OFFICE:  lfi75-64(««/5l7 
AUGAFS,  ALA  (7S334)  5500 
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1.  MATCH  ANSWER  2.  USE  NUMBER  1 

SHEET  TO  THIS  NUMBER  2  PENCIL. 

STOP-  EXERCISE  NUM- 

BER. 

23151  05  21  If 

EXTENSION  COURSE  INSTITUTE  .  \ 

VOLUME  REVIEW  EXERaSE  ' 
DRAWING  AND  PRODUCTION 
Carefully  read  the  following:  ,  . 

DO'S:  .  r 

1.  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification -number"  in  the  - 
righthand  column  of  the  shipping  list.  If  nimibers  do  not  match,  take  action 

.  to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a 
note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column 
to  column. 

3.  Use  a  medium  sharp  #1  or  #2  black  lead  pencil  for  marking  answer  sheet. ' 

4.  Circle  the  correct  answer  in  this  test  booklet  After  you  are  sure  of  your 
answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  ansvyer 

on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean  eraser.  0^ 
But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECL 

Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  It  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI 

Form  17.  ^  • 

DON'TS: 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise/ 

2.  Don't  mark  on  the  answer,  cSheet  except  to  fill  in  marking  blocks.  Double' 
marks  or  excessive  markings  which  overflow  marking  blocks  will  register  as 
errors. 

3.  Don't  fold,  Spindle,  staple,*  tape,  or  mutilate  the  answdr  sheet 

4.  Don*t  use  ink  or  any  marking  other  than  a  #1  or  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJEgTIVE  REFERENCES  ARE  USED 
4  ON  THE  VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  eack 
itefh  number  on  the  VRE  is  Learning  Objective  Number  where  the 
answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicated  by  these  Numbers.  The 
VRE  results  will  be  sent  to  you  on  a  postcard  which  will  list  the  actual  * 
VRE  items  you  missed.  Go  to  the  VRE  booklet  and  locate  the  Learning 
Objective  Numbers  for  the  items  missed.  Go  to  the  text  and  carefully 
review  the  ^reas  covered  by  these  references.  Review  the  entire  VRE  again 
before  you  take  the  closed-book  Course  Examination. 
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Multiple  Choice 


1.  (800)    What  is  the  point  on  the  horizon  where  all  horizontal,  parallel  receding 
^      lines  convepge? 

a^    Vanishing  point,        .  c.    Ground  line. 

hZ    Station  point.  d.    Picture  plane.  ^ 

2.  (800)    Which  of  the  following  can  be  used  as  a  measuring  line  for.  establishing 
the  relationship  between  parts  of  a  picture? 

a.  Horizon.^  c.    Vanishing  point . 

b.  Ground  line.  d.    Vertical  plane  point. 

3.  (800)    The  point  through  which  all  converging  light  rays  pass  is  called  the 

a.  picture  plane.  c.    station  point. 

b.  vanishing  point.  d.    axis  of  vision. 

4.  (800)    What  does  the  object  plane  represent? 

\> 

a.  Any  vertical  surface  of  the  object.  ---^^^^ 

b.  Any  horizontal  surface  of  the  object. 

c.  Any  line  parallel  with  the  axis  of  vision. 

d.  Any  vertical  or  horizontal  surface  of  the  object. 

5.  (800)    To  draw  a  three-dimensional  object  on  a  two-dimensional  surface,  you  ^ 
must  know  the  ^  '  e 

a.  shape  and  dimensions  of  the  object. 

b.  purpose  for  which  the  drawing  is  to  be  ursed. 

c.  number  of  lines  required 'to-  complete  the  drawing.  J 

d.  number  of  thumbnail  sketches  required  tp  complete  the  project. 

6.  (800)    Select  the  correct  statement. 


^ 


a.  Moving  the  picture  plane  closer  to  the  station  point  increases  the 
perspective. 

b.  Positioning  the  picture  plane  at  an  angle  with  the  object  simplifies  the 
perspective  drawing. 

c.  The  closer  you  place  the  station  point  to  the  object,  the  more  lifelike 
the  perspective  will  appear.  * 

d.  A  good  rule  is  to  place  the  station  point  so  that  the  largest  angle  between 
any  two  visual  rays  is  30°. 

7.  (801)    When  does  parallel  or  one-point  perspective  occur?  ^ 

a.  When  the  height  and  width  are  oblique  to  the  picture  plane.  ^ 

b.  When  the  height  and  width  are  parallel  to  the  picture  plane. 

c.  When  the  horizon  line  is  above  the  object. 

d.  When  the  horizon  line  is  below  the  object* 

8.  (801)    What  is  anothssr  name  for  angular  perspective? 

a.  Four-point  perspective.  c.    Two-point  perspective.  f 

b.  Three-point  perspective,  d..    One-poin'f  perspective.  . 

ft" 

9.  «  (801)    What  is  the  only  dimension  parallel  to  the  picture  plane  in  an  angular 

perspective? 

a.  Station  point.  \  c.  Height. 

b.  Width.  .     '  d.    Depth.  "  J; 
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10.  (802)    What  should  be  established  before  any/measurements  are  made? 

a.  The  horizon  line. 

b.  'The  size  of  the  object. 

c.  The  need^Oai^nishing  -feints  and  horizon  line. 

d.  The  needed  vanishing  points  and  station  point.  ^ 

11.  (802)    Where  is  the  ruler  used  in  perspective  drawing  to  divide  an  area  into  a 
number  of  parts? 

a.    On  a  line  parallel  to  the  picture  plane,  either  horizontal  or  Vertical. 
\  b!    On  a  line  parallel  to  the  station  point,  either  horizontal  or  \ertical. 

c.  On  a  line  parallel  to  the  vanishing  point  lines. 

d.  A  ruler  is  not  necessary  in  perspective  drawing. 

12.  (803)    What  is  the  function  of  a ^ircle  in  relation  to  perspective  in  a  two- 
dimensional  drawing? 

a-.    It  serves  the  same  function  as  that  of  the  cube. 

h.    The  circle  is  the  guide  for  drawing  all  three-dimensional  illustrations. 

c.  The  circle  is  most  often  used  to  control  vertical  and  horizontal  format. 

d.  The  circle  is  the  guide  for  drawing  all  two-dimensional  curves,  ellipses 
and  ovals  in  perspective. 

13.  (804)    What  are  the  major  things/to  remember  in  perspective  drawing? 

a.  The  horizon,  measurements,  and  the  station  point . 

b.  Visual  rays,  the  centerline  of  vision,  and  the  horizon. 

c.  The  picture  plane,  the  ground  line,  and  the  object  plane. 

d.  The  horizon,  the  station  point,  and  the  vanishing  points. 

14.  (805)    What  is  the  purpose  of  a  plan  and  elevation  view^in  perspective? 

a.  To  permit  drawing 'an  objlct  approximately  as  it  would  be  seen  by  the  human 
eye.  I  ,  ' 

b.  To  show  that  all  lines  ir^ perspective  are  foreshortened. 

c.  To  show  that  perspective  is  a  very  limited  method. 

d.  To  show  that  a  picture  plane  is  not  necessary. 

15.  (806)    An  irregular  form  appearing  to  recede  from  or  come  toward  the  viewer 
causes  a  phenomenon  known  as  ^ 

a.  free  form.  c.  refraction. 

b.  foreshortening.  d.  perspective. 

16.  (806)    From  an  established  ligfet  source,  shadows 

a.  are  not  shown  in  perspective. 

b.  nev*er  follow  any  contour  plane. 

c.  recede  to  different  vanishing  points.  * 

d.  follow  the  contour  of  the  plane  upon  which  they  fall. 

17.  (807)    A  narrative  presentation  may  be  either  written  or  oral  and  is  normally 
presented  in 

<.  » 

a.  slide-form.  c.    data  form.  - 

b.  story  form.  d.    graphic  form. 

18.  (808)    Translating  the  basic* composition  of  the  rough  layout  into  an  accurate, 
weli-drawn,  or  projected  outline  drawing  is  a  step  for 

a.  a-Yovigh  layout.  the  finished  layout. 

b.  a  thumt^nail  layout.  d.    a  comprehensive^  layout . 
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19.    (808)    Which^of  the  following  is  a  step  in  the  rendering  procedure? 

a.  Familiariie  yourself  with  the  request  for  the  illustration, 
.b.    Make  a  rough  sketch  of  the  illustration. 

c.    Mount  the  illustration  as  needed, 
•d.    Establish  firmly  what  to  show. 

.    20.    (809)    Which  choice  is  correct  concerning  the  comprehensive  rictorial? 

•    '    a..  May  be  a  phantom  view.  / 

b.  May  be^  an  exploded  view. 

c.  May  be  an  orientation  view. 

d.  May  not  be  an  operational  illustration. 

21.  .^809)     ^  phantom  view  is  drawn  to  show  portions  of  a  subject  ^  if  it  were 

a.  transparent.  y  c.  solid. 

b.  translucent .  opaque. 

22.  (809)    When  you  want  to  show  internal  parts  and  external  surface,  you  should  use 

a.  a  side  view.  '  c.     a  phantom  view. 

b.  a  plan  view.  exploded  view. 

23.  (809)     "A  line  that  consists  of  a  series  of  short,  evenly  spaced  dashes"  defines  a 

3.    hidden  line.  c.     leader  line, 

b.    center  line  .  d.'    phantom  line. 

2u.    (810)    An  illustratiort  that  uses  lines,  colors,  graphic  symbols,  and  words  is 

a.    .a  piin:ori^l  illustration.  c.     a  finished  illustration. 

,b.    a  .^bolic  illustration.  d.     an  orthographic  illustration.  * 

25.  (810)    Whcrt  kind  of  diagrams  are  primarily  concerned  with  data  flow?  ^/^\ 

a.  Schematic  diagrams.  c.     Block  diagrams.  '  C 

b.  Wiring  diagrams.  d.     Mechanical  diagrams.  ^"^^ 

26.  (810)     In  a  circuit  diagram,  which  of  the  following  is  used  to  indicate  an 
electrical  shield? 

«   a.     Solid  lines.  c.     A  series  of  short  dashes. 

b.    A  series  of  long  dashes.  d.    Alternate  long  and  short  dashes. 

27.  (811)    What  does  the  dashed  line  ot  an  electrical  relay  indicate? 

a.  That  all  relay  contacts  open  at  rhe  same  time^.  ' 

b.  That  all  relay  contacts  close  at  the  same  time. 

c.  That  relay  contacts  are  closed  only  when  the- relay  is  energized. 

d.  That  aJ.1  relay  contacts  move  simultaneously  when  the  relay  is  energized. 

28.  (811)    What  are  dog  legs? 


a. '^    Zigzag  lines.    ,  c.     Dimension  lines. 

b.  Callout  lines.         '  d.     Break  lines. 

(811)    The  primary  purpose  of  a  wiring  diagram*"is  to 

\ 

a.  show  Signal  flow. 

b.  illustrate  theory. 

c.  ;  show  w'iring  connections  between  components. 

d.  show  the  location  of  auxiliary  pow^^r  .o»jrc'«5. 
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30.  (812)    Concerning  visual  materials  for  television,  aspect  ratio  refers  to  the 

a.  width  of yiffie  TvN^creen. 

b.  height  off  the  TV  screen. 

c.  number  oi  lines  on  a  TV  screen. 

d.  relation/between  the  height  Bnd  width  of  the  TV  screen. 

31.  (812)    The  rule  that  allows  for  edge  loss  and  establishes  a  safety  fielci  is 
called  the 

a.  one-eighth  rule..  'C.    one-fourth  rule. 

b.  one-sixth  rule.  d.    one-half  rule.. 

32.  (813)    The  minimum  line  weight^r^TV  graphic  is 

a.  1/75  the  width  of  the  copy  layout. 

b.  1/50  the  width  of  the  copy  layout.  , 

c.  1/25  the  width  of  the  copy  layout. 

d.  1/15  the  width  of  the  copy  layout.  * 

33.  (813)   You  must  make  nine  graphic  TV  illustrations  having  a  basic  si2e  of  10  by 
13  1/3  inches.    How  many  sheets  of  30-  by  t*0-inch  television  gray  board  will  be 
required? 

3.  /\  c.  2. 

-b.     3.  ^  d.  1. 

3U.*'  (81U)    For  television,  using  black  and  white  next  to  each  other  may-cause 

a-    a  fade  out.  c.    an  all-black  presentation. ^ 

b.    a  grayed  blending.  d.     halo  and  horizontal  streaking. 

35.  (814)    To  dllow  the  TV  video  engineer  to  set  up  the  video  levels,  wfiat  must  you^ 
include  in  each  TV  graphic? 

a.  Both  black  and  white.  c.    Three  or  four  tones  of  gray . ' 

b.  Either  blac^  or  white.  d.    Black,  white,  and  a  medium  gray, 

36.  (8m)    On  black  and  white  TV,  when  an  object's  color  has  the  same  gray  scale 
value  as  the  background,  the 

a*    background  is  grayed. 

b*    object  appears  invisible  to  the  TV  camera. 

c.  object's  color  is  visible  only  to  the  TV  camera. 

d^    object  will  appear*  more  clearly  on  the  monitor  screen.  ^  - 

« 

37.  (8m)    The  resolution  of  a  TV  system  tells  the  illustrator  how 

a.  to  apply  ink  by  hand.  '  "  . 

b.  to  use  registration  marks. 

c.  a  mistake  can  be  corr^^cted. 

d.  much  detail  he  can  put  into  an  illustration. 

38.  (815)  The  original  artwork  for  rear  view  projection  is  photographed  and  normally 
reduced  to  a  ,  -   ^    , ' 

a.    2-  by  4- inch  transparency*:  .  *        .    -    -  * 

b^.    5-  by  7- inch  trans  par  enc;yV 
c .    8-  by  lO-inch  transpsfrency . 
*  '^d-    2-  by '2- inch  or  4-  by  &-inch  transparency. 
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(815)    The  principle  of  the  phantom  is  based  on  ' 


a.  color  values. 

b.  line  construction. 

c.  drawing  an  illustration  on  a  gray  background  using  charcoal  sticks. 

d.  drawing  an  i^ustration  on  a  white  background  using  a  numb.er  Bl  pencil. 

UO.    (olS)  The  simplest  method  of^^esenting  animation  on  television  is  by 


Ul. 


43. 


44. 


a.  technamation. 

b.  crawl. 


c.  slide  cards. 

d.  pop-ins. 


(815)  Information  appearing  in  a  cutout  windoy^r  picture  frame  type  setting 
is  an  example  of  a 


a.  gobo. 

b .  crawl . 


c.  pop-m. 

d.  slide  card. 


42.    (816)    India  ink  and  transparent  color  inks  can  only  be  used  on 


a.  enamel  spray  slides. 

b.  etghed-^^ass  slides. 


c.  clear  glass  slides. 

d.  sandwich  slides. 


h.6)    What  type  of  glass  slide  must  you  use  if  lettering  produced  on  a 
^ypewriter^^i^to  be  shown? 

a.  EnMel  spraAslide.  c.    Sandwfch  slide. 

b.  Etched  glass  'slide.  d-    Clear/ glass  slide .  / 

(816)  Which  of  the  fUlowing  types  of  acetate  slides  is  capable  of  producing 
the  most  unusual  effect? 


a.  Etched. 

b.  Frosted. 


c.  Carbon. 

d.  Clear. 


45.    (816;  817)    The  basic  artwork  used  to  produce  diazo  transparencies  is  easier 
to  work  on  than  artwork  used  to  produce  glass  slides  because 


a.  it  is  larger. 

b.  it  can  be  more  detailed. 

c.  you  can  use  bolder  strokes. 

d.  mistakes  can  be  more  easily  corrected. 

46.    (817)     A  multicolored  diazo  projectual  is  made  by 


^.    offset  printing. 

b.     four-color  printing. 


c.  coloring  a  single  transparency. 

d.  assembling  separate  Diazochromes . 


47. 


(817)  What  is  the  single  most  important  factor  when  combining  two  or  more 
transparencies  to  form  one  projectual? 


a.-   Color.      ^  ' 
,b.  Registration. 


c  .    Tape  mounts . 

d.    The  first  overlay. 


48, 


mi)  What  is  the  minimum  height  for  lettering  on  an  overhead  projectual  if  the 
pr(>jection. distance  is  15  feet  and  the  farthest  viever  is  4^  feet? 


a.  .05  inch. 

b.  .10  inch. 


.lb  inch. 
.20  inch. 


49."'  (818)    The  printing  process  that  uses  type  is 


a .  letterpress. 
b*  lithography. 


c .  gravure . 

d.  silk  screen. 


ERIC 


5bU 


50.     (8X8)    Type  is  measured  in  points,  and  a  point  is  0. 013837  inch.    Which  of  the 
,    following  corresponds  approximately  to  this  measurement? 


a.  U72  inch.  '  c.    1/32  inch. 

b.  iBu  inch.  ,  d.    1/16  inch. 


51.     (818)    How  many  lines  of  18-»point  type  can  be  printed  in  a  space  3  inches  high? 


a.  3.  ' 

b.  6. 

52.  (818)    What  size  type  set  .solid  must  be  used  to  print  copy  of  192  words  in  a 
space  2  by  3  inches? 

6.  c.  10. 

b.        8.  d.  12. 

53.  (818)    What  principle  applies  to  the  lithograph  process?  ^ 

♦a.  ^ That  like  electrical  charges  repel. 

b.  That  unlike  electrical  charges  attract.  C,^ 

c.  That  grease  and  water  have  no  affinit;y  for- each  other. 

d.  That  printing  ink  is  retained  in  grooves  and  wiped  from  the  surface. 

5u.     (819)    The^  process  of  printing  which  allows  the  greatest  selection  of  printing 
surfaces  is  the 

a.  ""^siik ,  screen .     ^         .  *  c'  letterpress. 

b.  lithography  .4  d.    gravure . 

/                             *  ' 

55.  (819)    What  is  the  most  important  precaution  to  observe  when  cutting  a  film 
stencil  for'  the  silk  screen  process? 

^*  Do  not  cijt  the  silk.* 

b.  Do  not  cut  the  backing  paper.       '  - 

c.  Do  not  remove  any  of  the  film.  ^  .    ,         '       /  .  ' 
^  ^«  Do  not  apply  tao  much  lacquer  thinner.  '*\ 

56.  (819)    When  preparing  the  .silk  dcreeji  for  printing,  the  film  stencil  is  attached 
to  the  silk  by  applying,  .  ' 

^  *  r 

a.  an  adhering  liquid.  c.    paper  tape.       '  ,  ^ 

b.  a  warrft  iron.  •  •  d.   ' turpenMne . 

57 ♦    ,(8L9)    What  type  of  stencil  can  be  adhered  to  the  silk  by  heating  it  with  a- 
warm  iron?  *  ,  ^ 

*  »  '  . 

a.  Lacquer.  c._  "Film. 

b.  Shellac.  — ^  *  "     d.'  Tusche.^  ^ 


^ '  *  V  ^ 

In  mvikm^^  stencil 


58.     (819)    In  mvikin^  stencil  for  the  silk  screen  using  the  tusche  method,  wh.at 
is  used  ,o' block  out  the  areas  of  the  desigi^  wh\ch  are  not  printed? 


a.  RUbber  cement.    ^  •   f^.    fish  glue. 

b.  Masking  tape.  '  d.  Mucilage-, 


yp^l 


59.  (820)  'What  office  machine  is  capable  of  producing  typ^-li^e  lettering? 

\      a. '  Xerox ♦  ,  ^              *  c.    Photo "composing . 

b.    Thermofax.  d.  Lithbgraph. 

60.  (620^)    What  is  the  normal  setting  for  the  exppsurminder? 


51.    (820)    How  much  paper  should  be  fed  into  the  photo  composing-machine  after 
composition  has  been  completed?  ^ 


a.  3  inches.  c.    10  inches. 

b.  ^7  inches.  ^  r     d.    15  inches. 

;&*<^^821)    Concerning  diazotype  ^reproduction ,  the  ammonia  developing  process  is  a 

a.  wet  process.  ^        c.    semimoist  process. 

b.  dr^' process.  d.    semidry  process. 

53.     (821)    iV.you  are  allergic  to  ammonia  ,^the  type  of  diazotype  process  which 
you  3houl^  avoid  using  is  the 

a.  ,  moist  process.*                                 c  dry  process.  * 
.  b.   'semidry  process.                                d.  *  ultraviolet  process. 

6^.    (821)    The  Xerox  process  is  based,  on  the  princ^Le  of 

a*    repellency  of  water  and  oil.  '  c.    lithographic  printing. 

b.  electrostatic  transfer.  d.    diazotype  printing.  *  » 

65.     (822)    What  JLs  the  simplest  technique  for  subduing  the  background  of  a 
pho^ograpU.? 

a.  Apply  a  ligbt  transparent  wash  ov^r  the  background. 

b.  *Use  an  airbrush  and  opaque  paint' to  rt.etoucb  the  area. 

c.  Stipple' the  area  using  a  large  bristle  brush,  and  retouch  gijays. 

d.  Use  a  Solotone  sheet  over  the  photograph  and  scrape  away  the  surface  over 
the  subject.  ,  •  «^  ■ 

65.   ^822)    When  lettering  or  line  wor^  is  done^ on 'any  kind  of  tone  drawing,  the 
final  product  must  be  produced  *  "  ^  . 

a .  photographically . 

b.  in  a  combination  copy. 

c.  using  the  silk  screen  method. 

d.  using  the  double  .overlay  method.  "  , 

67.   "(823)    How  is  color  achieved  in- halftone  color  separation  negatives  made'* 
^  directly  from  the 


J  original  color  illustration?  \ 
ling  t-he  original  artwork  in  full  color. 


a.  By  photographing  the  orlgi     _..  _. 

b.  By  using,  a  subtractiv^  color 'separation  process  anS  monochrome  filters. 
By  making  screen  negatives  directly  from  the  artwork  by  using  filters. 

d.    By  using  an  additive  color 'separation  process  and  complementary  filters.^ 

68.     (823)    A  red  print^er  uses 


a.  a-  yellow-red  filtfer.  c.    a  green  (yellow-blue)  filter. 

b.  4n  orange  filter.  d.    a  blue-violet  filter. 

69?  ,("823)    What  simple  method  can  an  illustrator  use  to  indicate  ^to  the  lithographef* 
the  desired  color  separation  of  a  finished  product? 

\-  a..    Key  ,line  method.  *  c.    Acetate  overlay  method, 

b*.    Tissue  overl*ay.^ethod .      '  d.^  CoIqp^' strip  method. 

70.    (823)    With  the  acetate  overlay  m^hdj,  \^      *  < 

a.  color  work  V it h  large  masses  may  be  treated. 

b.  the  sheet  is  placed  on  the  original  drawing,  f related  side  up. 

c.  the  ^eet  is  placed  on  the  original  drawings  fronted' side  down.    .    "  ^ 

d.  the  areas  containing  color  are  outlined  and  filled  *in  witfi  pencil. 


